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The Bacterial Deterioration of Sugars.
INTRODUCTION.
The question of the deterioration of sugars in storage has
formed the subject of many investigations both in the cane and
beet sugar industries in recent years, and has also occupied the
attention of the sugar planter since it has come to be generally
appreciated as a source of considerable loss. It is probable that
the loss to the industry through this source was suspected long
before scientific investigation had established it as an actual
fact, and probably before the nature of the causes of this change
in sugars had been apprehended. For a long time the popular
idea regarding the deterioration of sugars was that this action
was due to certain changes which might be termed autogenous
—
that is, those changes independent of outside influences. As an
example of this theory, we might take the idea that the slow
deterioration of sugars is caused by the hydrolytic action of the
organic acids which they contain. Later, however, this view
was modified and the theory of the indirect inversion of sugar
by bacteria became a popular one. By this indirect inversion is
meant that which is due to the action of the acids developed by
the micro-organisms occurring in sugars. One of the principal
factors that have operated against an earlier solution of the
problem is the difficulty of determining whether an apparent
case of deterioration, as indicated by a fall in the polarization
of a sugar, is due to any real decomposition of the product, or is
only the result of a lack of uniformity of sampling. This has
applied particularly to sugars that have been stored for consid-
erable periods of time, and where the variation in the moisture
content has not been accurately recorded.
Under these conditions it has been natural to attribute any
change in the polarization of sugars to a change in their moisture
content, while in the light of our present knowledge we have
reasons to believe that many of such changes are due to real
deterioration in such products. Another factor that has very
likely delayed the solution of the problem and led us to least
suspect the true cause of the deterioration of sugars is that this
6material has hitherto been regarded as a highly unfavorable
nutrient medium for micro-organism.s in general. Both on ac-
count of its lack of the nutrient elements essential to the devel-
opment of micro-organisms, and its comparatively low moisture
content, we have hitherto classed sugars among those substances
that are not at all subject to such action. In addition, moreover,
to these conditions of sugar, which would ordinarily lead us to
regard it as free from the action of micro-organisms, its physical
condition would seem to preclude their development owing to the
high concentrations of the solution surrounding the sugar
crystals. In view of the many conditions lacking in sugar to
fulfill the requirements of the great majority of bacterial species,
the discovery of certain species which have adapted themselves to
these unusual conditions for bacterial development is of interest
even considered apart from the economic importance of the
changes that they induce. For, with the knowledge of this
adaptation of bacteria to environments highly unfavorable to
their development, as viewed from the standpoint of what we
have hitherto regarded as essential to it, we are compelled to
believe that the range of bacterial activities is far wider than
we have thought them. If those species of bacteria which have
been found to be the causative agents in the deterioration of
sugars have become so well adapted to the environments of a
relatively non-nitrogenous material as to have their nutrient
demands sufficiently well satisfied in a 97% sugar as to enable
them to propagate and carry on their metabolic activities, it
would seem that many of our known species might as readily
become adapted to less favorable nutrient media than what we
have hitherto supposed was essential for their development. And
this supposition is the more strikingly suggested in this partic-
ular case because the organisms constituting the bacterial flora
of sugars are species well known to bacteriologists, but which
prior to the discovery of their new environment were not accred-
ited with any distinctive properties regarding their nutrition
requirements. For their cultivation upon artificial culture media
we have hitherto thought it necessary to provide them with
nutrient elements in much the same proportions as is used for
general work, and would not have thought that less elaborate
substrata would suffice for their development.
7In reviewing the literature upon the subject of this work
we find that one of the earliest investigations was conducted at
this station in 1902. This work "Relation of Bacteria to
the Inversion of Crystallized Sugars," though purporting to be
only a preliminary investigation upon the subject, was among
the first that conclusively showed the causative relationship
between bacteria and the deterioration of sugars. At a much
earlier period Shorey (t) had attributed the deterioration of
sugar to the action of Pencilium glaucum, the mycelium of
which he claimed to have found in raw sugars. This work ap-
peared in 1898. About the same time, or somewhat later, there
appeared in the International Sugar Journal the results of an
investigation by R. Greig Smith (|) upon "The Deterioration
of Raw and Refined Sugar Crystals in Bulk. ' ' This article was
a reprint from the proceedings of the Linnean Society of New
South Wales, in which the deterioration of sugars was attributed
to an organism to which he gave the name Bac. levaniformans
on account of its power to form levan from sugars. In 1908
there appeared a report (§) of an investigation upon "The
Deterioration of Sugars on Storage" by Noel Deerr and R. S.
Norris at the Hawaiian Sugar Planters' Station. This report
dealt largely with the results of investigations upon the deterio-
ration of sugars in storage with particular reference to the rela-
tion between the rate of deterioration and the composition of
the sugar. In a subsequent investigation (||), conducted at the
same institution by L. Lewton Brain and Noel Deerr, the results
of which were embodied in the report entitled "The Bacterial
Flora of Hawaiian Sugars," a more intensive study was made
of the micro-organisms constituting the flora of sugars and the
conditions influencing their action. The above publication ap-
peared in 1908 shortly after the investigation covered by this
publication had been instituted at this station. Having briefly
indicated the several investigations that led up to the present
Relation of Bacteria to tlie Inversion of Crystallized Sugars, W. R.
Dodson, Bulletin 75, Louisiana Experiment Station.
fThe Deterioration of Sugar by Pencilium glaucum. Jour. Soc. Chem.
Ind., Jan., 1898.
$Tlie Deterioration of Raw and Refined Sugar Crystals in Bulk. R. Greig
Smith, reprint from Proc. Linnean Soc. of New South V^ales.
§The Deterioration of Sugars on Storage. Noel Deerr and R. S. Norris,
Bulletin Hawaiian Sugar Planters' Station.
II
The Bacterial Flora of Hawaiian Sugars. Lewton Brain and Noel
Deerr, Bulletin Hawaiian Sugar Planters' Station.
8work, it might be well to comment upon the extent to which
conclusive data upon the subject had been adduced at the time
of the inception of our investigation.
The causes of deterioration of sugars had been conclusively
shown to be due to the action of bacteria, although the identifica-
tion of these species had not been thoroughly worked out. Some
of the conditions influencing the bacterial deterioration of sugars
had also been studied to the distinct advantage of pointing out
certain factors that tended to make certain sugars more suscep-
tible to this action. With the knowledge of the advances that
had been made in the subject, the present investigation was
planned with the purpose of making a thoroughly comprehensive
study of the problem and contemplating an equally intensive
study of the underlying causes of the phenomenon in all of its
phases. It is only such knowledge as that deduced from investi-
gations which seek adequate explanation of the many factors
influencing a phenomenon, with the proper coordination by
which they are assigned their true value, that the success of the
practical application of this knowledge is assured. Realizing
this fact, the author has sought in these investigations to explain
the phenomenon of the bacterial deterioration of sugar in all
of its phases by detecting all of those influences offered by the
many conditions represented in the various products subject to
this action. As is so frequently the case in any investigation,
many important points of research have been suggested by the
results of the experiments, but these were not considered essen-
tially pertinent to the phase of the investigation that was desired
to be stressed. These have therefore been reserved for future
investigations which will naturally follow from the inevitable
demands for this extended knowledge upon the subject after the
fundamental principles of the subject have attained general
recognition.
The author of this publication desires to acknowledge pro-
found gratiude for the assistance that he has been rendered by
a number of parties in their various capacities, all of which
assistance has contributed materially to the degree of success
that has attended the investigation in all of its stages. The
sincere thanks of the author are due Director W. R. Dodson, who
proposed the investigation and who offered many helpful sug-
9gestions in its prosecution; to Assistant Director H. P. Agee,
whose wide familiarity with the sugar industry enabled him to
give much helpful advice regarding many valuable practical
aspects of the investigation, and to Assistant Chemist W. G.
Taggart, to whom was intrusted the greater portion of the
analytical work required in the investigation and whose untiring
efforts and exceptionally painstaking analytical determinations,
together with his resourcefulness upon all occasions, cannot be
overestimated in their value as one of the material contributions
to the success of this work. Thanks are also due Mr. D. D.
Colcock, of the New Orleans Sugar Exchange, for his many
favors in donating samples of sugars to this department, and
to Mr. J. A. Hall, Jr., formerly of the New York Sugar Trade
Laboratory, for similar service. The author is indebted to Mr.
A. W. Drinkard, Jr., of the Virginia Experiment Station, for his
kindness in furnishing the photomicographs for the publi-
cation, and to Mr. T. C. Barber, of the Bureau of Entomology,
U. S. Department of Agriculture, for the other photographs
appearing therein. The author is also indebted to Dr. P. A.
Yoder, formerly of this station, for his kindness in aiding in the
search of literature on the subject and assisting in certain trans-
lations from foreign publications. Thanks are also due Dr.
W. E. Cross, research chemist of this station, for services of
a similar nature, and for his many kind suggestions in the
prosecution of this work.
rhe Bacterial Deterioration of Sugars.
Chapter I.
THE BACTERIAL FLORA OF SUGARS.
In order to properly ascertain the relation of bacteria to the
deterioration of sugars it is necessary to determine the species
that cause this action, and to thoroughly study their morpho-
logical and physiological characteristics for the purpose of
identifying them as known species or of learning of their dis-
tinctive biological activities. We need to know the potential" of
each species in its relation to the deterioration of sugar before
we can understand the significance of its presence in such
products in regard to the changes that it is likely to bring about.
It is obviously of first importance that we direct our attention
to the investigation of the bacterial flora of sugars for the
purpose of ascertaining the species that induce the deterioration
of these products, for only by this knowledge can we intelligently
anticipate the factors that must be considered in the general
investigation. If there are a large number of species associated
with this phenomenon and sugars from different sources and of
different compositions vary widely in their bacterial content, the
problem will in that case be the more complicated since the rela-
tion between each species and its favorite product must be estab-
lished. If, on the other hand, only a few species are found to
constitute the bacterial flora of sugars and these species occur in
all such products that are capable of supporting bacterial life,
the problem is greatly simplified since it is only necessary in
that case to ascertain the potential of each species to induce the
deterioration in question. In the premises of the case it seems
conceivable that only comparatively few species would be found
that have become adapted to this unusual habitat, so in this
respect this part of the investigation has not required a very
large amount of time or attention. It was greatly to be desired,
however, that we should plan our studies of this subject in a
manner that would insure adequate data upon the species asso-
ciated with the phenomenon in order that our experimental
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results might be applicable to general conditions in the industry.
If the species which we isolated for study had not been repre-
sentative of the bacterial flora of sugars the results from our
experiments in testing their action upon such products might
not have sufficed as an explanation of the various degrees of
deterioration that different sugars undergo. With the view of
making a thorough study of this subject a large number of
samples of sugars were procured for the work. This collection of
samples embraced sugars from all parts of the world, represe-
senting various methods of manufacture and all the influences of
varied climatic conditions. It was thought that a thorough study
both of the species occurring in these sugars and of the rate of
deterioration would afford the desired data upon the subject,
enabling us to arrive at definite conclusions regarding the
number of species constituting the bacterial flora of such prod-
ucts and the factors that influenced their action. The sugars
were placed in desirable containers, which were ordinary fruit
jars that were provided with very closely fitting covers, and
their chemical analyses and bacterial content were re-
corded in a note-book kept for that purpose. With these
records of the analyses of each of the sugars, which
were made monthly, the deterioration of any of the
samples would suggest special investigation of its bacterial con-
tent. In conjunction with these studies, however, others were
undertaken consisting of inoculating sterile sugar solutions with
small portions of the samples and in this way determining
whether the species occurring in the different sugars were cap-
able of inducing the decomposition of sugar in solution. After
this work had progressed for a comparatively short time and
all of the samples in the collection had been somewhat thor-
oughly studied in this manner it was noticed that all of the
sugars that were found by analysis to be deteriorating would
when introduced into the solutions used for this purpose induce a
similar deterioration, thus establishing the reliability of the
method. The species isolated from the sugars were propagated
upon sucrose agar and their properties studied with minuteness,
both as regards their cultural and physiological characteristics.
The following methods were employed in the isolation of the
species from sugars : small portions of the samples were taken
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up by a sterile platinum loop and transferred either direct to
liquid agar in tubes, from which they were poured into petri
dishes, or to tubes containing Greig Smith's sucrose solution,
where they were allowed to develop before plating out. "Where
the number of the organisms per gram in the samples was to be
ascertained, the gravimetric method was employed, by which half
gram portions were weighed out in sterile plates and then trans-
ferred to tubes containing 25c. c. of sterile water, from which
%c.c. portions were usually transferred to agar tubes making a
dilution of one to one hundred. The degree of dilution practiced,
however, was varied for the different grades of sugars, as it was
found to be too low in certain cases for low grade sugars, and
too high for the higher grades, but after a little plating work
had been done the bacterial content of a sugar could be antici-
pated in most cases and the dilution so regulated as to render
the counting of colonies an easy matter. In the first stages of
this work the widely dissimilar colony development upon the
plates inoculated from the sugar samples indicated an almost
bewildering number of species, while the morphological char-
acteristics of the organisms from these colonies appeared as
surprisingly similar. "With the exception of certain cases where
involute forms occurred the prevalent organisms were bacilli of
varying dimensions, but with the same staining properties and
general morphological characteristics. The species observed were
almost exclusively spore formers, and all were stained by Gram's
stain. Where the sugars were transferred direct to the agar
tubes the presence of involute or degenerate forms in the colo-
nies that developed upon the plates seemed of som.e significance.
These forms are very often to be observed on old cultures, and
usually indicate either an exhaustion of the nutrient elements
of the medium or the accumulation of metabolic products which
render the medium unfavorable for the continuation of normal
cell development. The occurrence of these forms in cultures
from 18 to 24 hours old is therefore not to be explained by either
of the above factors, as we would hardly suspect either so rapid
an exhaustion of the food supply by the organisms composing
the colonies on the plate, or an accumulation of products from
the metabolism of the organisms that would so promptly exer-
cise so marked a restrictive action. In order to prove this point
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inoculations were made from cultures that had been grown for
some time on agar, to the plates where these involute forms
were observed, from which it was found that the colonies devel-
oping from such inoculations did not show degenerate forms
earlier than 48 hours. The explanation of the early development
of these degenerate forms where the agar tubes were inocu-
lated direct from sugars is in all probability that the difference
in the density of the film of moisture surrounding the sugar
crystals and the medium to which the sugar was transferred
tends to produce a swelling of the cell protoplasm when tlie
organisms are transferred to a medium of so much lower density.
Through adaptation the species of bacteria occurring in sugars
have accustomed themselves to the density of the moisture fihii,
and when suddenly transferred to the culture medium of mucii
lower density develop abnormally as indicated in the forms
produced. This phenomenon has been observed with many of
the lower organisms which have been found to produce
unusual forms when grown in solutions of various densities.
In order that none of the species constituting the bacterial
flora of sugars and associated with the deterioration of such
products might be overlooked, transfers were made from all of
the colonies developing upon the plates appearing in the leo.st
distinctive in any particular. The cultural characteristics were
made the basis for the isolation of the species, and although it
was subsequently discovered in the course of the work of identi-
fication that many of the cultures thus isolated were really
duplicates, yet this was easily corrected and obviated the possi-
bility of overlooking any of the species occurring in any of the
products. After having completed the preliminary work of iso-
lation from the sugar samples on hand all species of bacteria
as indicated by slight differences in the colony development upon
sucrose agar, there were some fifteen or twenty cultures collected,
which were to be further studied as to their complete identifica-
ation. The slight differences in the cultural characteristics of
these cultures, which even from the first rendered a differentia-
tion into species somewhat arbitrary, were after a few transfers
completely obliterated and as the more important physiological
characteristics were identical from the beginning it was found
*DavenpoT-t's Action of the Dpnsity of the Medium on Protoplasm. Expe-
rimental Morphology, Chapter III.
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that many of the cultures were duplicates. As the study of the
species constituting the bacterial flora of sugars proceeded it
was obesrved that three types of bacteria predominated and all
of the species were to be classed in one of these types. There
were, of course,, some species that differed in certain slight
particulars from these, but the variation was hardly sufficient
to suspect them of being new species, and they were regarded
as races of one or the other of the three types. Greig Smith {*)
in his study of the bacterial flora of sugars pointed out the
affinities of these organisms, to which he gave the name Bacillus
levaniformans, with the potato group of bacteria.
The members of this group are Bacillus vulgatus, mesente-
ricus fuscus, liodermos and mesentericiis ruber, and are very
widely distributed in nature, occurring in soil, and, on account
of their frequently contaminating potato cultures, by reason of
the great resistance of their spores to heat, are known as the
potato group. These organisms are further characterized by
their ability to form a kind of gum on potato, and in certain
cases Bac. vulgatus has been known to induce a slimy fermenta-
tion of bread. The spores of this organism doubtless resisting
the baking temperature and subsequently germinating and giving
rise to the fermentation in question (f). This ability to form
gum indicates a relationship between the Bacillus levaniformans
of Greig Smith's, which induces the gum fermentation in sugar
products and the above group of organisms, and Smith, him-
self claims that the Bacillus levaniformans is related to
the group as a whole, but sufficiently distinctive in its
properties to be regarded as a different species. The re-
lation between the organisms isolated from sugars and the
members of the potato group is very strikingly indicated in the
morphological characteristics, and as the latter are very widely
distributed in nature, occurring in soil and upon vegetable mat-
ter, it was thought that the organisms found in sugars were
really the same species and belonged to the same group. The
difference in environment might easily account for the slight
differences in the cultural and physiological characteristics, for
it might be supposed that the conditions offered by sugars for
bacterial development are such as would induce certain changes
*Vol. XXVI, Linnean Society of New South Wales.
tFischor's Vorlesung-en Ueber Baktericy, p. 62.
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in' the organism. As one of the distinctive properties of the
organism is its ability to form gum levan from sugars, it was
decided to test for the possession of this property by those of
the potato group representing the prevalent types found in sugar
products. The two types of most general occurrence very strik-
ingly simulate the Bac. mesentericus vulgatus and the Bac. mes-
entericus fuscus, sometimes called the mesentery bacilli owing
to the striking resemblance of their growths on potato to the
mesenteries. These two species were therefore isolated from
soil and kept for a comparative study in order to determine
their ability to form levan from sugar, and to see if the differ-
ences in cultural characteristics as observed when first isolated
from the two sources, would disappear after they had been
grown for a time under identical influences. It was found that
the species isolated from soil would, when inoculated into a
sugar solution, induce the gum fermentation almost as vigorously
as those which had been separated from sugars. Continued
transfers also tended to equalize this property as well as to cause
a convergence of the cultural characteristics which differed to
some extent at the beginning, and, although some slight differ-
ences were always to be observed, this was not greater than is
sometimes met with in variations of the same culture. It is but
fair to assume therefore that the organisms that have been found
to be associated with the deterioration of sugars are derived
forms of the potato group of bacteria, which are noted for the
very high resistance of their spores to heat. It is on account of
this property that the species occurring in cane juices are en-
abled to withstand the temperature of the manufacturing process
and to persist throughout the successive stages, thus forming the
contamination of the finished sugar. Lafar claims that the
spores of the potato bacilli can withstand the temperature of
streaming steam for six or seven hours, thus making it the most
resistant of bacterial species. The very high resistance of the
species occurring in sugars still further suggests the relationship
between the two' groups.
The bacterial species constituting the bacterial flora of sugars
may be grouped in three divisions according to their morpho-
logical and physiological characteristics, and these groups may
*Techniche Mycologie.
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be properly represented by the Basillus vulgatus, the Bacillus
mesentericus fuscus, and a bacillus form much larger than either
of these species, which is very probably the Bacillus megathe-
rium. The Bacillus mesentericus vulgatus type is more prevalent
in sugars than the other two, and so far as has been observed
is more active in bringing about the deterioration of sugar
products.
In addition to the three above-mentioned types which occur
most frequently, Bacillus liodermos, Bacillus mesentericus niger,
and Bacillus granulatus mesentericus, all members of the potato
group, are sometimes found. These species are doubtless derived
forms of the more commonly found types, Bac. vulgatus and
Bacillus mesentericus fuscus. In one instance we have met with
Bacillus niger,hut it seems rarely to occur in sugar products.
As the principal characteristic of the bacteria associated with
the deterioration of sugars is their ability to form gum in sucrose
solutions, it might be interesting for us to review briefly the
literature describing certain gum-forming bacilli. Marshall Ward
and Reynolds Green (*) isolated an organism which had the
power of forming gum from sugar solutions. The organism was
a bacterium and worked in symbiotic relationship with a yeast,
the two forms occurring as excrescences on sugar cane and form-
ing in sugar clumps strikingly resembling the ginger beer plant.
The bacterium can only induce this gum fermentation when the
yeast is present, or if at all the action in the absence of the yeast
is very feeble. The yeast is equally dependent upon the bac-
terium in bringing about the fermentation. The gum formed by
Ward's Sugar Bacterium, though not identical with Scheibler's
dextran, seems very closely related thereto. The presence of
sucrose was found to be essential to the formation of gum, and
though other sugars and also starch were experimented upon, in
no case was gum formed in the absence of sucrose. The symbiotic
relationship between the bacterium and the associated yeast,
and the nature of the gum formed clearly differentiates this
species from those met with in our investigation.
Fritz Glaser (f) isolated from beet juice a bacterium which
resembled in certain respects Leuconostoc mesenteroides and
*Green's Proceedings of the Royal Society of London, Vol. LXV, 1899,
pp. 65-85.
tCentrablatt fuer Bakteriologie und Parasitenkunde Abt. 2 Vol. I, 1895.
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formed a gum that was essentially the same as that formed by
the latter organism. Fritz Glaser's Bacterium gelatinosum hetae
differs from the Leuconostoc of Zopf's in the products of its
fermentation as it forms alcohol instead of lactic acid, as in the
case of the latter organism. It further differs from the latter
organism in the conditions under which it forms gum, as the
latter will form dextran in ten per cent neutral molasses, while
Fritz Grlaser's organism would produce no gum under these
conditions. According to the author, no spores were observed
in his investigation of the bacterium, though the temperature
that it withstands would indicate that it was a spore-forming
organism. It is probable that this organism is closely related to
the potato group of bacteria.
Ritsert (*) isolated from a digitalis infusion a bacterium to
which he gave the name Bacterium gummosum, owing to the
property that it possessed of forming gum in sucrose solutions.
It was found in the case of this organism as with the others that
have been here described that the formation of gum took place
only where sucrose was present. Experiments on grape and milk
sugar gave negative results. The author found that the forma-
tion of gum took place in solutions of sucrose of as high con-
centration as 60% with an optimum concentration of 20%. He
describes an interesting case of pleomorphism in connection with
his organism, stating that it sometimes occurred as long anthrax-
like rods, streptococus or diplococus forms depending upon the
nature of the medium in which it was grown. The organism
was Gram negative and formed endogenous spores.
Happ (t) also isolated from digitalis infusion an organism
which he named Bacillus gummosus. This organism was asso-
ciated with a slimy fermentation of the digitalis and is described
as a large feebly motile bacillus, liquefying gelatine and forming
spores. The acids of its fermentation are butyric and lactic.
Another species that is also very probably related to the
potato group of organisms is the Bacterium mesentericus panis
viscosus, or the organism of stringy bread. This is a Gram
positive organism and somewhat resembles the Bacillus mesente-
ricus fuscus in its cultural characteristics. It has already been
noted that the members of the potato group of bacteria are
*Ber. der Deutschen Pharmazeutischen Gesellschaft, Band 11, 1891.
fHapp. Cent. Bakteriologie und Parasitenkunde. Vol. XIV, 1893, p. 175.
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sometimes associated with the slimy fermentation of bread, so it
would seem that this organism may be a race of one of the
members of that group.
It seems probable that all of the gum-forming organisms
above described are derived types of the potato group of organ-
isms, and are in reality only races of those species. The dif-
ferent environmental influences may very well account for cer-
tain of the slight differences in the cultural characters.
The fact that the potato group of organisms and the species
above described and those constituting the bacterial flora of
sugar products have so many common characters and since they
are all characterized by their ability to form gum from sugar,
it is more than likely that they are closely related species.
THE BACTERIAL FLORA OF SUGARS.
In the following table the most important biochemical char-
acteristics of the organisms are recorded. From this table it
will be seen that all of the species are Gram positive in their
staining action, and that they are spore formers and gelatine
liquefiers. They vary to some extent in the relative rate of their
action upon gelatine, some causing liquefaction very quickly,
while others act very slowly. They may be divided into three
groups upon the basis of their morphological and physiological
characters. These three groups would be represented by the
mesentericus vulgatus type, the mesentericus fuscus type, and
the megatherium type.
The different types mentioned in the table are to be regarded
as races of the species for which they are named. As their most
important characteristics are identical, it is most likely that the
differences in cultural characteristics are due to the environ-
mental influences to which they were subjected. It is very
likely, for instance, that the influence of the environment of
sugar crystals would have a tendency to make their character-
istics different from what they would have been under the
environmental conditions offered by a syrup or molasses. As
the different species were isolated from many different sources
representing greatly divergent environmental influences, it was
very likely that their culture characteristic was due to this dif-
ference. This classification was easily made upon the basis of
19
mj.v
P3S0I0
ui
ti:^A\ojQ
1
+
I
+
1
u
o
ninoq
u
o
uin^
+
+
+
+
+
+
+
+
+
1
1
+
+
+
+
+
+
+
+
+
+
+
+
+
s
u
ojoiui
U
T
e
zig
W
p
q
Wfqmpqpipqpqpqpjpqpq
p
q
k4
4
J
4
4
k4
J
v4
J
J
J
J
J
e
o
a
n
o
g
Sug-ar
Sug
ar
Sug
ar
Sug
ar
Sug
ar
Sug
ar
Sug
ar
Sug
ar
Su
gar
Sugar
S
u
ga
r
S
u
ga
r
S
u
ga
r
C
a
n
e
juice
:
(uintp
-8UI
9ajj)
u
a
uinqi-B
ui
tj:^Aioaf)
+
+
+
+
+
+
+
+
+
+
+
+
+
+
lopui
J
O
u
oi:jonpojd^
+
+
+
+
+
+
+
+
+
+
+
+
+
+
a
s
o
a
o
n
s
jo
u
o
n
ft
+
+
+
+
+
+
+
+
+
+
+
+
1
1
u
-
B
ajxaa
1
1
1
1
1
1
1
1
1
1
1
1
1
+
9soj:;x3q
jo
u
oi:j'B;uauiJO^
1
1
1
1
1
1
1
1
1
1
1
1
1
P
P
Y
+
+
+
+
+
+
+
+
+
+
+
+
+
9soinAai
J
O
u
o
I
:
^
'
B
^
u
^
u
I
J
^
^
1
1
1
1
1
1
!
1
1
1
1
1
1
+
+
+
+
+
+
+
+
+
+
+
+
+
e
ui^-BiaS
J
O
u
oi;o^j9nt>iT:
+
+
+
+
+
+
+
+
+
+
+
+
+
i
s
a
a
ods
jo
u
oij'buijo^
+
+
+
+
+
+
+
+
+
+
+
+
:
:
ui^;g
s
.
ui'Baf)
oj
u
oi;o'BaH
+
+
+
+
+
+
+
+
+
+
+
+
+
+
W
p
q
p
q
c
q
p
qfqpqpqpqpqpqmw
W
<i
m
o
Q
3
m
F3
P
S
P
o
ft
g
>S
a
M
C
I
r]
o5
faX)
fH
S
o
c
:3
ft
O
173
C
O
kH
1
bJO
id03
W
0)
ft.
o
P
Qi
§
I
r
r
^
d
5-1
g
C
U
<
D
ft
^3
S
a
d
o
_
dB
0)
.
03
1^
3^
ft
M
^
°
^
™
ft-^
m
I
.
!J
H
^
O
^
ft
-3)2
0)
o
<
X
>
S-i
O
d
0)
3
o
,£3
<
J
d
g
0)
Eh
ftM
ft
t
e
:
dC
D
s
a
iJJD
O
S
M
5?
^3
d
^5
^
^
a
ft
^
-2
M
.
a
^
^
^
d
m
bJ3
^
O
S
g
a
-
O
^
C
U
q
_l
^
2
o
a
d
M
C
D
w
o
o
0)
Mft
o
d
'
.
O
M
ubX)^^
d
<
D
o
O
o
o
p
a
I
^
g
^
^
B
^
a
o
a
§
^
^5
d
o
w
w
ft
"
a
a
w
d
^1
logs
^
q
g
<1
d
o
20
1
CQ
fe.
2
o
bo
o
S
o
h
—
'
*
^
d
C
D
=
w
<i5
>
>
a5
°
>
_
Ph
+
J
fH
O
O
.
_
•
P
-
(U
H
^
d
Id
S
ft
o
<
D
d
d
o
-5
t
I
«
r
;
C
D
.
a
ft
?
^
o
:
:h^
^
d
O
o
t
o
O
I
ft
o
t
o
d
^
"
d^^s
(D
d
o
-
I
:
<
D
h"
§
o
.S
o
C
O
o
d
Id
d
o
^
^
3^
be
o
.
C
!
S
O
M
g
o
d
<
D
dg^^
C
D
d
Sh
f-H
J3
'
^
d
b£i
C
O
h-l
C
q
C
D
-
t
U
•id
<i
C
C
C
D
H
oj
d
be,
d^^^
d^
111
£
^
M
C
D
C
O
d
J
rl
+
J
C
D
C
D
Ph
p
2
be
ft
s
.
a
be
^3d
C
O
(D
d
^
^
d
J3
O
bebe
o
3
C
D
<i
o
„
^?
O
^
g
.
^
^
^
'
^
bi
fH
p
,Q
q
_l
bOO
<
D
O
r
^
"
Id
a
.2
u
H
C
D
"S
•
d
w
^
a
o
o
a
^
?
a
be'^
3
.
,
d
C
D
m
s
I
S5
^
C
I
o
o
b
O
be
1
d
Ibe^^
.
^
d
^
d
C
O
o
o
C
O
d
d
-
Jd
ft
o
q
-i
t
o
+
-
>
Mfi
O
|-
^
p
q d
a
u
^
^
O
^
bia
0)
b
h
>
3
d
o
•
o
2-^
a
'S^
^
g
d
6
o
C
O
„
r
r
-l
C
O
f-4
be
S
"
oj
d
u
o
^
^
ft^
o
C
O
d
^
^
d
^
^3
;
^
ftm
'
^
O
t
o
^
>
>S
5
^
fti^
C
O
a
r
S
^
ddSHi^
>o
o
,d
-Q
^
be
d
>
m
•
o
c
s
=
!
?
r
!
id
O
r
-i
J3
!
-i
i-"
o
d
—
'
fH
ft
rd
a
Pi
.
'
3
a
I
^
^
^
I
»
H
d
^
C
D
be
d
W
d
M
I
I
a
H
dd
;
^
A
^
'
;
.S
W
O
^
I
!d
'
w
o
d
:S
g
"
£
^
>
^
,
;
g
a
be
'
C
O
^
|J1
S
1-1
°
^
B
^
o
M
id
id
H
d
o
^
ri
d
O
d
^
ube
id
sd
cfi
d
d
o
^2
.
V
"5
^
id
C
D
>
r
t
d
o
o
3
a
;
'
O
O
o
I
%^
^
o
C
Da
d
tfi
Ti
o
d
tj'
ftj
ft
^1
O
^
I
C
D
3
T
O
bo
.
a
'S
bO=H
.
^2
.
a
.5:
d
!d
^
o
H
C
O
o
0)
o
bo;::
be
^
C
O
r
e
!
d
.2^
0)
E
d
oo
-ft
C
O
O
C
O
bod
>j
o
5
I
I
I
c3
bJO
>
>
?
s
i=!
3
d
<
D
O
^
bJ3
^
9.
o
X
G
o
U
C
c
u
m
o
;h
(p
'
O
(DPi
w
„
^
O
13
bX)
3J
w
w
fee
sO
O
J
O
O
;
_)
^
<
U
(fll
o
S
o
^
^
3
S
^
-
H
I
.
15^
g
^
O
S
Lh
o
^
^
>
.
°
w
w
o
<
!
0)
w
H
O
ft
bJ3
ft
§
O
aj
o
o
d
M
^
o
o
ft
^
"2
be
.
M)
o
^
.
s
-
-
^
d
f!
d
03
Sh
^
id
r
o
M
ft
o
3S
m
o
u
.
s
a
^
M
o
^
be
m
o
be
M
^
I
—
I
>
>
+j
bo
:2
a
o
9
>
o
sio
r
a
^
-1
be
ft
;
^
0)
sift
a
o
21
'
Odd
0)
o
O
0)
g
g
ft^
C
D
'
o
r
:
C
D
1?
r
;
o
g
w
o
„
^
a
^2"S
beg
2
o
^
O
0)
g
.
.
.
_
'3
:5
ft
«
a
I
n
^
i
M
O
_2
;
^
w
)
O
J
1
q
=l
c3
X
I
S
^
?
^
o
be.a
o
a
M
a
:
(D
I
.
r
„
a
^
^
a
^
?
o
ft
Rd
^
<
D
^
ft^
be
C
o
be
t3
3
o
1—
I
0)
G
c
u
c
a
o
a
;
0)
o
'3
^
8
^
s
ft
tj
*
I
^
O
E
-i
>5
o
c
53
O.03
o
S-i
Ui
w
?
o
-
r 2^^«
^
§
^
a
-2
a
^
J
'
0)
a
o
^
a
-
-
>
^
.2
^
C
o
a
o
2
^
r
e
s
O
>
,
o
Id
!h
C
C
U
^3
•
6
o
-5
.
0
C
Id
O
M
O
;
o
e
0)
a
t
>
,
<
D
+
J
O
ft
1-^
;
^
a
;
^
3"
ft^
.
r
t
C
D
l.a
.i
id
c
c
'
o
M
a
'
7^
c
o
.
a
«
^
be
.
be
id
Td
O
O)
aS-^
^
O
c
a
o
d
C
P
^
be
o
H
0)
I
a
H
2^
O
S
o
E
C
<j
fee
C
P
H
"
a
be
£
o
id
d
O
C
P
>
o
pi
o
Obe
a
o
H
.
aa's
a
w
Q,
T
O
.
r
t
ho
"
oI
c3
c
.
a
M
C
D
a
;
id
4:1
ft
O
(P
M
C
P
m
^
be
2
dH
o
C
O
O
c
^3
O
C
D
U
+
-
>
be
a
^
S
a
ft
^
C
C
§5
«
g
^d
d
-i-T
Td
>
>
5^t
c
t
o
O
^
if
»2
03
tjc
^
9
d
n
d
<
:3
g
i3
.i^
^
^
^
^
+
-
>
^
g
c3
C
O
<
M
O
G
O
i2
0
o
c
pi
t3
r
ci
d
rQ
d
g
d
w
^
<
Xi
C
P
C
d
S
o
d
be
o
d
cd
>
=d
d
d
t
O
13
d
ft
O
w
S
g
d
a
;
d
I
O
4^
I
o
o
^11
55
d
1^
d
dtd
-d"
d
1
W
O
d
?2
dO
.22
d
w
+j
d
0)
dd
^
d
d
>
d
d
.
d
O
d
d
>
>
d
i=i
=
^
'
"
^
^
^
S
8
.
-
e
ft
d
+j
J
-
;
d
M
t3
o
be
E
=
02Eh
O
^
O
ft
!d
<
-i
S
d-5
be
M
M
d
a
>
^
ft
d
^
d
dJ
d
I
^
_
M
be
o
•
^
.
S
a
I
d
^
ffi
.22
d
^
bi^
<
w
.d
!
S
1::;
^
'
d
o
d
o
d
o
"
^58b
o
be
£0
a
^
+
^
m
2
.2?.2
o
o
'2
^
00
g
ft
M
^
5
is
s
+
^
'
c
J
'3
.
O
d
o
§
d
S
-d
o
d
1^
T
'
22^
l-l
i
o
w^
I
o
<
^
d
^
0
05
-
5-
ft
O
Sh
~
s
>
,
O
-S
o
b
dS^
s
d
I
w
o
o
>
>
'
'
^
0)
S
0)
t
>
td
,
d
I
od
H
5
c
H
ft
S
i
C
D
^
^
S
5
0)
d
I
'
^j:
m
8^d
^.d
X
I
1^
w
^
d
e
be
c
q
0
-
1^
&
^
1
o
d
o^
1^
d
t
>2
r|
^
fee
(«
m
C
P
d
be
d
o
^2odd dcd
d
-
°
M
.22t^^
.
fdSg^
P
-i
.2
be
ffi
-d
0)
d
2
o
d
o
.S
d
1^
<
p
d
.
>
d'
-
^
'
^
'
^
<
D
td
3
+
-
>
o
^
.2
be
C
P
O
J
dd
ft
ft
d
§
^
I
.2
C
J
-d
d
i:
^
b
^
w
>
H
d
d
M
^
beS
.
^d
be
1
.
§^'8d"l
.
'
O
'
g
d^
00
d
5=
M
dod
!
-
<
m
-d
S
be
o
ft
g
"
o
d
ft.d
d
^
o
o
o
^
^
d
;d
^
o
g
be
^
h
^2
•
^
-2
p
O
0
C
be£
^
d
o
c
^
.2
2
^
5
0)
d
;
=
<1
do
w
o
X
?
o
d
^
d
.2
d
^
o
I
-
-
M
r
o
d
g
<j
td
(p
^5
3
H
Si
S
S
T
Y)
0
C
-l->
-d
2
d--
§
d
1^
m
2
i3
ft
t
;
be
d
w
x2
<
p
.
-
^
H
2
.
d
g
0/
S
H
ft
u
bo
t
P
41
d
.1::
u
03
^
d
d
>
0^
£8
.2
bo
w
O
o
J
ft
'
O
(P
.
-2
^
d
rd.2'd
ld-§
^
§
^
S
^
.2
8
fd
02
d
.2i
P
o
d^
C
O
-
Jl
^
<
p
d
be
•
r
!
fd
!
P
d
I
0)
P
>
.
w
d
2
03
(p
^
S
2£
o
P
£Bh
be
_
o2
2
2
d
cii
du
d
be
d
d
2
5
^
OS-
ci
!h
be
d
d
o
d
o
13
d
O
d
S=
d
.
.
o
'5
o
e
^
d
^
-2
0
b
x
:
"d
d
S
+j
<
p
d
ft
be 6
2a
:
s
^
-
^
§
^
S
.
r
t
aj
hr
<
D
0
a
;
5
t2
-
+
J
(H
C
P
13
0)
0)
Q
;
^
r
-
;
s
d
oj
I
I
I
"
!
8
r
;
0)
C
D
o
;3i
a
;
p
^9
g
H
13
O
H
ft
id
.
,d§
O
Q,
M
t/j
on
,
>"3
+
J
r
r
t
=
t
-l
S
C
°
m
c
u
^
^
"
^
.ii
>
^
ido
d
o
1
C
U
M
1
-
I
-
'
fn
C
D
d
ft^^H
g
M
.1=1
^
'
&
p
I
^
5
ft
.
§
d
(D M
5^
p
'
°
2
t
^
^
?2
M
03
d
d
0)
25
+
^
M
3
d
S
'
bJO
>
o
ft
^
O
J
o
g
C
D
?
-i
d
°
a
;
M
O
!
m
d
o
.2
C
D
!
>
C
D
^
c
c
+
^
^3
;3
a
d
bJD
be
.b
M
f5^
_
C
D
C
D
C
D M
bX)
O
d
d
ft
d
d
C
D
bi
^
d
d
5^
be
bo
(D
X
Pibe.
d
d
H
^
O
<d
13
O
(lH.be
^
•id
o
r
a
(D
(D
d
S
-
.
d
<
w
m
d
a
K
+j
ft
p
2a
.
^£
6
.)
1
m
g
g
xj
^
<
Jl
cd"_,
S
bo
•
B
§
a
-
S
^
p
o
ft
bO^
o
X
I
5
=
^
d
P
S
^
'
o
o
a
CQ.a
d
"5^
be
B
0^0
-
j-i
nd
d
24
c3
d
2
c
si
^
0)
d
'
r
a
^
+
-
>
0
-
u
o
ft
M
ft
ft
t
Mo
,
be
O
C
D
g
o
5
I
s
p
;3
bx)I
§
H
O
<
D
C
D
^
o
+j
a
;
.
^0
0;
.2S
-d
C
D
0
>
O
ni
r
-
H
t
J
_|
1^
C
D
0) M
2.
£^
S2
.0
o
C
o
J
dJ
(D
02
»
^
S
-i
W
W
f;^
Cj
O
ffl
O
ft.
g
I
^
^
C
D
t
o
g
-
^
<
D
0
I
O
d
C
O
M
g
03
Pi
0
s
d
u
'
a
bD'
d
O
O)
o
°
.b
m
I
1
<
D
?
-i
C
D
o
o
03
w
C
D
,Q
>
5
°
^
C
D
5
C
D
+
-1
O
S
M
o
.
^
S
M
^
.
^
s
'
!
>
r3
C
DI
;
5
^
>
ft'-H
^3
C
D
0
5
S
fH
^
^
1:^ M
ft
K
d
)z
^§
g
^
g
V
-
^
^
-S
-2
hfl
>
C
D
-
M
-
t
^
S
°
5^
be
c
^
^3
ft
^
U2
a
C
D
(D
^
H
o
0
d
Qj
m
bJD^i
C
D
d
.
M
bjo-M
o
o
-
tj
,S
!
^
^
^
^
^
^
S
^
^
!3
S
be
biO
«
C
D
H
O
;
a
o
ft
e
m
r
-i
O
^
^
-S
o
^
S
^3
^
C
D
i
0^
^
'
ft
^
C
D
ft
bX)
"bis
^
S
ft
a
I
be
C
D
C
D
i^a,
H
c3
H
>
<lj
C
D
Ph
>
>
si
d
S
.
C
O
^
.
a
+
^
^
.
§
£
^
1^.2
bJ3
r
bi.a
o2
C
D
.2
t
M
I
.
.
^
^
^
^
^
be
M
c
c
r
r
t
+
-
>
13
O
2
a
1i
d>
ffi
C
D
\%
^
bJO
of3
C
D
r
S3
o
^o
i
©
c
o
.
W
be
c5
o
^
-
m
_
W
1^
C
D
J
:
;
^
~
o
t
o
q
r
;
^
=
;
r
c
C
D
c
o
-
t
;
m
^
ia^
3
M
s
^
o
c
o
^
cj^-^
a
0)
d
-
"
^
o
>
g
g
oj
w
03
25
these differences in their cultural characteristics, as the bio-
chemical features were quite constant for the various species.
The group as a whole are characterized by the high resistance
of their spores to heat and their very low nutrient requirements
in respect to their nitrogen supply, and in the marked ability
to destroy sucrose. All the species developed in albumen free
medium as can be noted in the table of biochemical character-
istics. The composition of the medium was as follows : Distilled
water 1,000 cc, sodium chloride .50 per cent, ammonium lactate
.60 per cent, asparagine .40 per cent. This medium is recom-
mended by Vorges (*). The cultural characteristics of the dif-
ferent species vary so greatly at different times that it becomes
very confusing and very difficult to determine where the various
species end and the new species begin. Many attempts were
made to discover such conditions under which we might expect to
operate with the result of yielding constant characteristics. To
this end various media were used and these tried with various
modifications for the puprose of obtaining absolutely uniform
results. The ordinary plain agar was used as a medium, and
in addition the 10 per cent sucrose agar recommended by Greig
Smith was also used. The titration of the medium was usually
corrected to plus .50 per cent Fuller's standard. The agar was of
1.5 per cent strength. At times certain variations in the cultural
characteristics of the species were found to be due to the varia-
tion in the titration of the medium, which was often changed
during sterilization. It was found, for instance, that the cul-
tural characteristics of the species in the plain agar titrating
plus .50 per cent Fuller's standard was quite different from
that on a similar medium of plus 1 per cent. This group of
organisms seemed peculiarly influenced by these changes in the
titration of the medium in which they grew, which was attributed
to the influence of this factor upon their gum-forming property.
This view was strengthened by observation that in some old
sucrose sugar cultures which we had in 300 cc. Erlenmeyer flasks
in the incubator as stock cultures, a liquefaction, or, m.ore prob-
ably, a disintegration of the medium was observed. The agar
was in the proportion of 1.5 per cent, and although it was not
liquefied as the term ordinarily implies, yet it showed a marked
*Text Book of Bacteriology. Lehmann and Newman.
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disintegration and a tendency to lose its original consistency.
This phenomenon was usually observed in sucrose agar where
the titration was slightly less than plus .50 per cent Fuller's
standard, and as this action upon agar seemed to have been
stimulated by the presence of sucrose in the medium, and as
it seemed to be also favored by neutral or slightly alkaline con-
ditions, it was supposed that the gum-forming action of the
organism had in some way influenced this solidifying property
of the agar agar. The phenomenon of the liquefying action of
the agar has seldom been observed and there is little available
literature upon the subject. Dr. Haven Metcalf, (*) of the
University of California, in his work on Bacterium teutlium,
which he isolated from sugar beets, describes a similar action
upon agar on the part of that organism.
Dr. Erwin F. Smith, of the Bureau of Plant Industry,
United States Department of Agriculture, has also made men-
tion of this phenomenon. When we first observed this liquefac-
tion of agar we attributed it to the possible excessive secretion
of diastase which might have had a similar action upon the
carbohydrate agar agar as upon starch. This idea was contra-
dicted, however, by the observation that the liquefaction was
always more active in sucrose agar than in ordinary plain agar.
This was taken as an indication that the action upon agar was
not due to diastase, for otherwise we would have expected the
secretion of such an enzyme to have been stimulated in the
medium where there was no sugar present. To prove the point
further, the following experiments were conducted: A solution
of the same composition as our standard sucrose solution was
made containing 5 per cent of starch instead of sugar. This
was solidified with agar and inoculated with a culture of the
organism. If the liquefaction of the agar was due to diatase
we would have expected to have found a greater liquefaction of
agar in the presence of starch, since in this case the lack of a
fermentable sugar would have tended to evoke a greater secre-
tion of diastase. The result, however, showed no such action
to have taken place in the starch agar, although it had been
previously found in our experiments with starch solutions that
the organism secreted diastase. It is most likely, therefore, that
*Cent. Bakt.
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the disintegration of agar is not due to the action of diastase, but
that it is caused in the process of the gum fermentation of
sucrose. In old cultures where the sucrose has all been con-
verted into gum, it is very likely that the carbohydrate agar
agar is acted upon to a slight extent by the gum-forming enzyme
secreted by the organism.
THE RESISTANCE OF THE SPORES OF THE
BACTERIA TO HEAT.
As the initial contamination of sucrose by the deteriorative
type of bacteria depends upon the resistance of the spores of
these bacteria to high temperatures, it will be of interest to us
to investigate this property under laboratory conditions. If we
should find in such an investigation that the spores of these
organisms can withstand higher temperatures than is reached
in the manufacturing process of sugar, we would not expect
the contamination of a sugar to depend upon exposures subse-
quent to the manufacture of such products. For the purpose of
testing the resistance of the spores to high temperatures, tubes
containing 25 cc. of the standard sucrose solution were prepared
and inoculated with cultures in which the spores of the species
had been observed. The tubes were then subjected to various
temperatures for the various periods indicated in the foregoing
table. From this table it will be seen that the spores of the
organisms were highly resistant and would easily withstand the
temperature incident to the manufacture of sugar. It will be
noted from the table that the organisms survived the tempera-
ture of 212°, which is ordinarily about the highest temperature
reached in sugar manufacture, and that only a few of the
spores were entirely destroyed, even after two hours exposure.
Even at 230° all of the spores were not killed in fifteen minutes
exposure. These results fully explain the fact that the dete-
riorative type of bacteria are always present in freshly made
sugars, as will be seen from Part TV of this publication.
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RESISTANCE OF SPORES TO HEAT.
+ Indicates spores killed.
— Indicates spores capable of germination.
Temperature 212° F. Temperature 230° F.
SPECIEf 15" 30" 60" 120" 05" 15" 30" 60"
Bac. vulgatus + + + + +
+Bac. vulg-atus (B)... + +
Bac. vulg-atus (C)... + + + +
Bac. vulg-atus (D) . . + +
Bac. mes. ruber +
+
+
Bac. mes. fuscus +
+
+ +
Bac. mes. fuscus (A) + + + +
+Bac. mes. fuscus (B) + +
+
+
+Bac. mes. nig-er — +
Bac. liodermos + + +
Bac. mes. g-ranulatus + +
+Bac. g-ummosus + +
Bac. megatherium (A) — + + +
Bac. sacchari — +
+
+ + + +
+Bac. megatherium (B ) — + + + +
RESISTANCE TO FORMALDEHYDE.
The use of formaldehdye as an antiseptic for the preservation
of sugar products is almost universally practiced in the sugar,
industry, where it becomes necessary to use such an agent. This
antiseptic is more often used upon the occasion of a breakdown
in mills where juice or syrup would be likely to deteriorate
through fermentative action. In such cases it is customary to
add small quantities of this antiseptic so that fermentation
would be held in check while waiting for the work to be resumed.
As the proportion in which this material is used varies in dif-
ferent localities, it was thought that it might be interesting to
determine the proportion in which it would be effective as an
antiseptic towards the organism causing the gum fermentation
of sugars. From the above table it will be seen that in the
proportions of 1 to 5,000 of 40 per cent formaldehyde all the
species were completely restrained. Spencer (*) recommends
6 cc. of 40 per cent formaldehyde per cubic foot of raw juice,
which is approximately equivalent to 1 to 5,000. In the propor-
tion of 1 to 10,000 formaldehyde was efficient as an antiseptic
* Spencer's Handbook for Cane Sugar Manufacturers.
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RESISTANCE TO FORMALDEHYDE.
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+ + + — + +
++ + + +
Bac. mes. fuscus (B) + + + +
Bac. mes. fuscus (C) + + + +
+
+
++ + + +
Bac. liodermos + + + +
Bac. mes. granulated + + + +
+
+
+ + +
+
+
+Bac. megatherium (A) . . . . + + +
+ + +
+
+
+
+
Bac. megatherium (B) . . . . +
+ + + + + +
in about fifty per cent of the cases, as shown in the above table.
It is likely that it would in proportions of 1 to 7,500 be suffi-
cient to restrain the development of these organisms. It will be
further noted that even in the concentration of 1 to 100 formal-
dehyde was not germicidal upon all of the species investigated.
As it is very rarely used as a germicide the proportions in
which it possesses this property is of less interest than that of
its antiseptic properties. From the foregoing table of results,
therefore, it appears that formaldehyde to be absolutely efficient
as an antiseptic for the gum-forming organisms should be used in
the proportions of 1 to 5,000.
DEVELOPMENT OF ORGANISMS AT ELEVATED
TEMPERATURES.
In the investigation of the properties of the species con-
stituting the bacterial flora of sugars, it was found that the
optimum temperature for their development was 37.5° C, but it
was found that they could adapt themselves to a very wide range
of temperature conditions. As their natural environment would
represent many variations in temperatures, it is natural to sup-
pose that the group as a whole would not be very rigid in their
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requirements in respect to temperature. As certain cases of
deterioration of sugar products during the course of manufactura
suggested the power of the gum-forming organisms to cause an
active deterioration of sugar products at very elevated tem-
peratures, it was thought that an investigation of this property
would prove of interest. The various temperatures were tried
from 37.5° C. to 65° C. (100-150° F.) with results as indicated in
the foregoing table. It will be noted that no development could
he observed at temperatures higher than 130° F., and even at this
temperature a large per cent of the cases showed no development.
GROWTH AT ELEVATED TEMPERATURES.
+ Indicates Growth.
— Indicates No Growth.
Species 99.5° F. 130° F. 140° F. 150° F.
37° C. 55.25° C. 60° C. 65° C.
Bac. vulgatus (A) + +
Bac. +
Bac. vulgatus (C) . . . +
Bac. +
BsiC. mes. fuscus (A) +
Bac. mes. fuscus (B) +
Bac. mes. fuscus (C) +
Bac. mes. nig-er +
Bac. + +
Bac. mes. granulatus +
Bac. +
Bac. meg-atherium (A) +
+
+
Bac.
Bac. megatherium (B) +
Bac. + +
In concluding this part of our investigation we will state that
the bacterial flora of sugars comprises the well-known potato
group of bacilli. These speices cause an active destruction of
sucrose owing to their ability to transform it into gum levan.
It is very likely that the gum-forming organisms described by
•other authors were in reality members of this group, which,
owing to change of environment, show some cultural variations.
The principal characteristics of this group of organisms are:
1. Their ability to form gum from sugars.
2. The high resistance of their spores to heat.
3. Their very low nutrient requirements.
And it will be noted that all of these characteristics correspond
to those of the potato group of organisms.
The Bacterial Deterioration of Sugars.
PART II.
RESULTS OF EXPERIMENTS UPON THE DETERIORA-
TION OP SUGARS.
Having isolated the species of bacteria that were found to
occur most extensively in sugars and which were suspected of
being the causative agents in the deterioration that the products
from which they were isolated were undergoing, it was the next
step in the investigation to determine the relative powers of
deterioration of the various species. It was also of great impor-
tance to ascertain the relative activities of each species on dif-
ferent classes of sugars in order that the factors influencing
this action might be discovered. The control work on the sugar
samples had shown the range of bacterial association to be quite
extensive since almost all of the samples on hand were falling
in polarization from month to month and since the character-
istic organisms were found in nearly all of them. As the sam-
ples had been collected from all parts of the world, it indicated
that this type of organism is not confined to any particular
locality, but is prevalent wherever sugar is manufactured to
any extent. It is obvious therefore that the problem of dete-
rioration of sugars by bacteria is almost world-wide and by no
means a local condition. The monthly analyses which were
made on the samples together with the careful records of the
bacterial flora of the products furnished excellent data upon
the relation between the deterioration of a sugar and
the micro-organisms occurring therein. Such records were
of interest furthermore because the variety of samples
at our disposal were representative of all the various
grades of sugars and methods of manufacture, and thus
afforded ample opportunity for correlative studies of the
influence of these factors upon the keeping qualities of a sugar.
But it was necessary to supplement these studies of sugars under
natural conditions of bacterial contamination with others de-
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signed to show what pure cultures of the various species would
bring about when introduced into sterilized sugars. It was only
in this way that the deteriorative action of each species could
be definitely ascertained since the deterioration of a sugar in
which many species occurred would naturally be attributed to
their collective activities. It would be impossible under such
conditions to determine the relative parts played by the various
species in bringing about the deterioration of a sugar. If there
existed a certain interdependence between the species in their
activities the use of pure cultures in inoculating sterile sugar
would readily demonstrate it. The necessity of sterilizing the
sugars used in these experiments confronted us with a somewhat
difficult operation, as this material is quite readily changed by
the temperature necessary for a complete sterilization, as, owing
to its physical condition, it has to be heated for a considerable
length of time in order for the heat to penetrate through the
mass. In addition to these conditions, which render the steriliza-
tion of sugar a difficult procedure, the extraordinary viability
of the spores of the organisms constituting the bacterial flora of
sugars makes it next to impossible to practice the single steriliza-
tion method without subjecting the material to temperatures that
would cause both physical and chemical changes therein. It was
necessary therefore to adopt the intermittent sterilization method,
w^hich was used with a fair degree of success throughout our
experiments. The sugars were first placed in liter Erlenmeyer
flasks, usually about 500 grams to the flask, and after plugging
with cotton they were placed in the autoclave and subjected
to a temperature of 220° F. for thirty minutes on each of three
consecutive days. At the end of this period the success of the
sterilization was determined by inoculating culture tubes of
nutrient sucrose solution with small quantities of sugar from
the flasks of sterilized sugars. Where any development took
place in the inoculated tubes the flask of sugar from which the
tube was inoculated was discarded and only those were used in
the experiments that gave no growth when transferred to culture
media. The sterile sugar was next inoculated and placed in th3
incubator at a temperature of 37.5° C, where it was kept for a
period of thirty days usually before being analyzed. In every
case uninoculated control flasks were kept under conditions
33
identical with those of the inoculated as a check on the results.
The inoculation of sugars gave some trouble, as it was very
difficult to distribute the inoculating material uniformly through-
out the sugar by the ordinary method of using agar cultures. A
uniform distribution of the inoculating material is particularly
to be desired in this case, as the sugar crystals do not offer a
continuous surface for the development of bacteria and the ex-
tension of the inoculated portion so that the spread of the organ-
isms throughout the mass is somewhat slow. On the other hand,
there is the objection to the use of liquid cultures for inoculating
purposes on account of increasing the moisture content of a
sugar. As this factor is often a limiting one in the deterioration
of sugars, it is obviously a great disadvantage to change the
moisture content in our experiments since the results from such
inoculations might not be applicable to the particular sugar with
its original moisture content. In order to obviate the necessity
of using culture solutions in our inoculations several methods
were tried with only partial success. One of these was the use
of ordinary river sand, which was first treated with hydrochloric
acid to remove all of the bases so that the degree of acidity
produced in the sugars would not be changed. A.fter the sand
had been thus freed of its bases and then washed thoroughly
the culture to be used was transferred from the culture flask
and mixed thoroughly with it. The sand mixture was then
transferred to the flask containing the sterile sugar, where it
was thoroughly mixed by shaking. The chief objection to this
method was that the sand would often introduce an error in the
analytical work, and even where this did not occur there still
remained the objection that the addition of the sand would
affect the physical condition of the sugar. It is not very probable
that the presence of the small amount of sand used in the inocu-
lations would affect the bacterial action in a sugar. At the same
time it is conceivable that where a grain of sand interrupts the-
sugar crystals or their surrounding films that it might act as a
barrier, or, at least, impede the progress of the organisms between
the crystals and in this way retard the distribution of the inocu-
lation throughout the mass of sugar.
Another method of inoculation that suggested itself was the
use of dried agar cultures, but to this there was the same
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objection as to the sand, since the material thus introduced
within a sugar would constitute a likely source of error in
analysis and might also affect the progress of the organisms
between the crystals. In addition to these, however, are the
further objections of the possibility of inducing a certain degree
of attenuation in the cultures by drying, and the disadvantage
of adding traces of nutrient material contained in the dried
culture. This method was used to a limited extent, and although
it was found that the drying of the cultures did not seem to
affect the virility of the micro-organisms, yet the method was
discarded because of the possibility of altering the natural nu-
trient value of the sugar as a culture medium by the addition of
the dried culture. Although only traces of nutrient elements
might be added to the sugar by this method, yet it might affect
the action of the bacteria, particularly because of the small
amount of such elements that it naturally contains. One of the
methods that was used somewhat extensively in the inoculation
of sugars and which proved fairly satisfactory and without the
disadvantages of the methods so far described was that of first
inoculating small quantities of sterile sugar and after the organ-
isms had developed therein this was transferred to large quan-
tities of the same sugar. The sugar was sterilized in the usual
way in 500 cc. flasks and also in smaller quantities in test tubes.
After sterilization the tubes were inoculated by means of a
platinum loop upon which small portions of agar culture were
transferred from the stock culture. The inoculated tubes were
then incubated at 37.5° C. for several days at the end of which
time the success of the inoculation was first determined by trans-
ferring small portions of the sugar to culture media before the
contents of the tubes were transferred to the larger flasks.
Where the transfers from the tubes to the culture medium
showed that the inoculations had been effective the flasks were
inoculated by pouring out the contents of the tubes and mixing
them with that of the larger flasks. In some cases bacterial
counts were made of the tubes before using, but in most cases
the development from the sugar transferred from the tubes to
the culture medium was made the criterion for the transfer to
the large flasks. The principal objection to this method was
that in many cases the sugar would become so tightly packed in
the tubes during sterilization that it would be almost impossible
to remove it. This was particularly true of the lower grade
sugars, which exhibit a marked tendency to cake when heated.
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FLASK FOR THE ATOMIZATION OF INOCULATING SOLUTIONS.
ABC
SUGAR INOCULATING APPARATUS.
(A) Air pump and chamber.
(B) Flask containing sulphuric acid for the sterilization of air supply(C) Atomizer.
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The use of culture solutions has much to recommend it as a
means of inoculating sugars. It is much easier to secure a
uniform inoculation in this way than by the dry method, and
it is also free from the objection that applies to the addition
of any foreign substance to the sugar as in the case of such
methods. By using the same quantity of solution in the uninocu-
lated control flask as is used in the inoculations, the moisture
content of the flasks is equalized and no corrections are rendered
necessary in the analysis. As most of the anaylses in these
experiments were made with corrections for moisture, the addi-
tion of moisture in inoculation offered no difficulty in the
analytical work. The objection still remains, however, that the
addition of moisture renders a sugar more susceptible towards
the particular action that we wish to induce and to that extent
has the disadvantage of changing the natural relation between
the sugar and its tendency towards deterioration. If solutions
are used in inoculations it is necessary therefore to use as small
quantities as possible so that the moisture content of the sugar
may not be materially increased. In order to distribute the
minimum quantity of the solution through a maximum amount
of sugar advantage was taken of the principle of atomization
and a device was designed having this as a basis. The apparatus
consisted of three parts, viz: (1) an air pump and air cylinder
combined in which an air pressure of several Kg. could be main-
tained, (2) an ordinary double neck bottle in which sul-
phuric acid is kept for the sterilization of the air sup-
ply, and (3) an atomizer for the atomization of the
culture solution. The atomizing flasks were detachable
from the other parts of the apparatus so that cultures
to be used might be generated in these flasks, which could
be attached just as they were needed. The method used was as
follows: a nutrient medium consisting of distilled water to
which .01% peptone was added was used for the propagation of
the culture. About 10 cc. of this medium was placed in each of
the atomizing flasks and sterilized in an Arnold sterilizer. After
sterilization the flasks were inoculated with the cultures to be
used by transferring with the platinum wire small portions of
the agar culture to the flasks. In order to thoroughly mix the
inoculating material with the liquid in the flasks the platinum
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wire containing the agar culture was introduced into the inlet
tube as far as possible and the liquid then brought in contact with
it by tilting the flask. After inoculation, the flasks were placed in
an incubator and kept at 37.5° C. for several days until the
cultures had reached a high state of development, as indicated
by the cloudiness of the liquid in the flasks, when they were then
removed and used in inoculating sugars. The flasks were fitted
with very closely fitting ground glass tops, which, when greased,
would prevent any contamination of the inoculating medium.
As the inlet and outlet tubes were always plugged with cotton
during the sterilization and incubation periods, there was little
danger of contamination from that source. In every series of
flasks used in these inoculating experiments there was one left
uninoculated as a control, which served to test the efficacy of
the method. There were very few cases in which the control
flask showed any contamination, and, in fact, the percentage of
such cases was not greater than would occur in ordinary routine
work where very resistant organisms are used and sterilization
methods more apt to be ineffective. But it is barely possible, of
course, that there might have been a certain amount of con-
tamination within the control flask without it being noticeable
owing to the small amount of nutrient elements contained in the
inoculating medium. Conditions offered by this medium would
not likely promote a very rapid or vigorous growth of the ma-
jority of bacterial species, so that it is perfectly conceivable that
a few bacteria having gained access to the control flask would
likely develop so slowly that their presence therein might never
be suspected. In exactly the same way we might introduce in
our inoculation of sugars a few cells of a different species of
bacteria from that of our culture without affecting in the least
the ultimate purity of the culture that we used. It is only
because sugars do not offer conditions favorable for the develop-
ment of micro-organisms in general that the inoculating ap-
paratus used in these experiments is permissable on a strictly
scientific basis. As the flasks have to be connected to the other
part of the apparatus by rubber tubing, which is not at all
readily sterilized, and as the passage of the air through sulphuric
acid may not always be relied upon to sterilize the air, in most
cases it can not be considered as reliable as sterilization by heat.
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The apparatus is not therefore one that could be considered of
absolute accuracy in so far as the atomization of a pure culture
is the purpose of its use, but under the conditions of the experi-
ment and the nature of the material upon which it was intended
to be used it was to be regarded as a thoroughly reliable
method.
THE RESULTS OF EXPERIMENTS ON THE DETERIO-
RATION OF SUGAR.
The sugar that was used in our inoculation experiments was
the large crystal type manufactured in Peru. On account of the
size of the crystals it was much easier to sterilize it without
caking it during the heating process than would have been the
case with a smaller crystal sugar. After inoculation the sugar
was placed in an incubator, where it was kept at a temperature
of 37.5° C. for a month, when it was again analyzed. The results
of the foregoing tables show the changes that were produced m
the sugars by the species of micro-organisms with which they
were inoculated. It will be noted that in almost every case the
single polarization indicated a decrease in sucrose and the
Clerget shows a corresponding increase. As the reducing sugar
had almost invariably increased, it indicated that some deterio-
ration must have taken place, and that the Clerget determination
had most likely been subjected to an error. In our first experi-
ment upon sugars we discarded all results that showed this
peculiarity, as we attributed such an increase of sucrose Clerget
to the lack of uniform sampling or some error in manipulation.
Results of this kind, however, were obtained so consistently in
our subsequent work that we were compelled to regard the
phenomenon as a constant factor in the bacterial deterio-
ration of sugars. It required some time for us to discover just
what caused this phenomenon, and it is to Assistant Chemist
W. G. Taggart, who was in charge of the analytical work in
these investigations, that the credit for the explanation of this
is due. Mr. Taggart attributed this increase in sucrose Clerget
in the analysis of the sugar to the presence of levan. He reasoned
that this levorotary gum, which tends to decrease the single
polarization by its optical activity would have a tendency to
increase the Clerget determination through its hydrolysis into
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levulose during the inversion. In order to test the point still
further, however, he compared the analyses of these sugars by
the ordinary Clerget method with the analyses made where in-
vertase was used for the inversion of the sugars. It was found
that invertase did not act upon the levan. He reasoned that
this method would eliminate any error that was due to the
hydrolysis of levan into levulose by the use of acid.
The effect of gum on sucrose Clerget, as shown from com-
parison of sucrose Clerget with true sucrose determined by
Hudson 's invertase method :
Single
Polarization
Sucrose
Clerget
True
Sucrose
Invertase
Method
Sample No. I. Refined Sugar 99.98 99.99 99.98
Sample No. II. Inoculated solution containing
gum 0.00 0.8 0.17
Sample No. III. Peruvian Crystals 91.20 95.0 91.4
Sample No. IV. From Gramercy 87.0 89.82 87.6
The results of these experiments as given in the foregoing
table conclusively show that the high Clerget results were to be
attributed to the presence of levan in the sugars. The difference
in result by the two methods was convincing of the presence of
levan in the sugars and it showed that this diffiulty was quite
readily overcome by the substitution of invertase for the acid
method of inversion. The invertase used in this experiment
was prepared from yeast by the following method, as recom-
mended by Dr. C. S. Hudson: (*) Four or five pounds of
baker's compressed yeast was obtained and broken up into a
finely divided mass in a mortar. This was placed in a flask and
chloroform added and allowed to act for 48 hours, at the end
of which time the mass had become almost completely liquefied.
This liquid was then precipitated with lead subacetate and the
excess of lead removed with potassium oxalate, and the filtrate
was then placed in a pig's bladder and dialyzed for 24 hours
*C. S. Hudson, Bulletin Bureau of Chemistry, U. S. Dept. Agriculture.
41
to remove all of the impurities. A few drops of toluene were
added to prevent fermentation or any decomposition changes of
the invertase. Further proof of the presence of levan in those
sugars whose analysis indicated that it had been formed therein
is lacking owing to inability to separate this material from such
products. In many cases we were able to obtain by alcoholic
precipitation certain bodies that resembled the gum in their
optical activity, but all efforts to purify it to a point where its
identification could be proved were fruitless. In those sugars
where the Clerget always indicated the presence of levan there
were so many impurities precipitated by alcohol that the levan
could not be identified. It was found, however, that even where
levan was added to this class of sugar it could not be recovered
from them in such a state of purity as would permit of its
identification. Where it was added to higher grades of sugar
it could be separated, but in every case where it was tried upon
the sugar suspected of containing levan the effort always met
with failure. This experiment conclusively proves that negative
results in the isolation of levan from sugars cannot be taken as
an indication of its absence in such products. In the light of
these results, and in view of the preponderance of evidence indi-
cating the formation of levan in sugars by the organisms caus-
ing their deterioration, it seems certain that the presence of this
substance is responsible for the error in the Clerget method of
determining sucrose. As the organisms constituting the bacterial
flora of sugars have been found to develop gum in all cases
where they attack sucrose, and as these species have been found
in all of the sugars undergoing deterioration, it seems certain
that the formation of levan was responsible for the phenomenon.
The correction of this error by the use of invertase, which has
no action upon levan, is further proof of the presence of this
gum in those sugars where the Clerget was so much higher
than the single polarization. Mr. Taggart {^) has calculated
the influence of levan upon both the single polarization and the
Clerget method of analysis, and has found that one per cent of
levan will decrease the single polarization .60V and increase the
Clerget .67V.
*Mr. Tagg-art has now in the course of preparation a paper on the influ-
ence of levan upon the analyses of sugars.
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ANALYSES OF SUGAR SAMPLES, SHOWING DETERIORATION IN
STORAGE.
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
Moisture
1
Sug-ar No. 31
—
31 August, 1909 96.72
96.42
86.2
2.47
2.26
2.22
.80
.95
1.05
31 September, 1909...
February, 1910
96.71
90.1931
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
u
_2
m
o
Sugar No. 32
32 95.9
95.49
85.15
1
3.27
3.83
3.22
.90
1.35
1.36
32 95.79
89.7432 1 FphriiPTv
1
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
Moisture
Sugar No. 33—
33 79.48
78.42
10.0
10.2
6.20
6.4033 82.15
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
Moisture
Sugar No. 3 4—
|
34
1
August, 1909 83.66
81.32
11.76
9.52
4.50
6.0534
I
September, 1909 ....
|
84.14
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ANALYSES OF SUGAR SAMPLES, SHOWING DETERIORATIONSTORAGE—Continued.
-
—
Sample No.
j
Date of Analysis
|
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis)
1
Reducing
Sugars
Moisture
1
Sugar No. 39— | 90.45
90.14
89.34
5.25
5.70
5.5339 1
1
September, 1909. . .
February, 1910 ... .
89.84
93.99 1.72
Sample No. Date of Analysis
Cierget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
o
7i
xn
"6
Sugar No. 40
—
92.35
91.52
91.88
o.o\}
3.85
4.01
90.99
92.65 2.08
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
(U
_2
m
"o
%
Sugar No. 41
i
1 97.68
97.37
.90
1.00
1
97.56
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
u
J3
m
o
Sugar No. 43—
•
1
1
September, 1909. ..
i
91.86
1
92.75
1
90.51
3.50
6.20
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ANALYSES OF SUGAR SAMPLES, SHOWING DETERIORATION INSTORAGE—Continued.
Sample No, Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
Moisture
Sug-ar No. 46
—
46
1
1
August, 1909 ' 98.08
98.02
.90
1.1546 September, 1909...
1
97.76
Sample No. Date of Analysis
Clerget
(Moisture
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
Moisture
Sugar No. 47
47 August, 1909 97.94
98.03
1
.65
.85September, 1909... . 98.22
Sample No. Date of Analysis
Clerget
(Moisture
!
Free
Basis)
Single
polarization
(Moisture
Free
Basis) Reducing
Sugars
Moisture
\
Sugar No. 50—
|
50
1
1
August, 1909 85.59
85.64
84.84
1
4.20
4.25
4.41
September, 1909 .. . .
February, 1910 . . . .
86.72
85.5950
1 7.14
1
1
On the opposite table will be seen the results of cieterioration
of sugars under natural conditions. These results are from the
analyses made of the sugar samples that were kept in the lab-
oratory. It will be noted that the results from this work were
similar to those under conditions of pure culture inoculation,
which tends to confirm the theory of the formation of levan. It
will be noted that in almost every case the single polarization
showed a decrease in sucrose and the Clerget a corresponding
increase. Owing to the many irregularities in the analyses of
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sugars occasioned by the presence of levan formed in the dete-
rioration, this work was discontinued and experiments with
sugar solutions taken up. It was thought that in this way con-
clusions in the matter would be more readily reached.
PART III.
THE NATURE OF THE BACTERIAL DETERIORATION
OF SUGARS AND THE CONDITIONS AF-
FECTING THIS ACTION.
The results of experiments upon the deterioration of sugars
as induced by pure culture inoculations and as observed under
natural conditions would indicate that the action of the bacteria
upon sugars is not that of a normal inversion.
Grieg Smith, (*) who first discovered the gum formed by
the organism occurring in sugar and gave it the name of levan,
accredits the organism with the power of inverting sucrose.
His theory is that the organisms first invert the sucrose and
from the nascent levulose and dextrose thus formed levan is
produced. His ground for the nascent levulose and dextrose
origin of the gum is that he was unable to produce it from
either of these sugars in their natural condition. He therefore
holds to the opinion that the formation of gum is dependent
upon certain properties peculiar to these sugars in their nascent
stage. It is very evident, as we have already observed in our
experiments upon sugars, that the formation of gum is intimately
associated with the deterioration brought about by bacteria. We
would scarcely suspect the conditions of the sugar to be favor-
able for the action of invertase which according to 0 'Sullivan and
Thompson ( t ) is inactive in any concentration of sucrose greater
than 40 per cent.
Moreover, very few bacteria secrete the invertase enzyme.
Fermi, ($) who has made a thorough investigation of this sub-
ject, has found that this power is possessed by very few bacteria
and these are only able to bring about a very weak inversion of
sugars. The formation of levan in sugar was very strongly
* Proceedings of the Linnean Society of New South Wales, Vol. XXVI,
Series 1, p. 602.
fTransaction Journal of Chemical Society of London, Vol. LVII, 1890, p.
834.
JCent. Bakt, Vol. XII, 1892, pp. 713-715.
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indicated in our results upon the inoculation of sugars. This
action, according to Smith's theory, presupposes the inversion of
sucrose as the initial stage of gum formation. According to his
theory the formation of gum is more of the nature of a by-
product than the principal product of this bacterial action. If
this were true, it would seem possible that there would be certain
conditions in which sucrose would be destroyed by these micro-
organisms without any gum formation. It seems likely, for
example, that under certain conditions the inverting action of
the organisms might be stimulated, while gum formation might
be entirely suspended. If the two actions are distinct it does
not seem improbable that the optimum conditions for each might
be thus differentiated. As one of the conditions affecting the
action of invertase is the concentration of sucrose, we might first
investigate its influence upon the action of the bacterial species
constituting the bacterial flora of sugars.
Experiment No. 1.
INFLUENCE OF CONCENTRATION OF SUCROSE UPON
GUM FORMATION.
The plan of this experiment was as follows : a culture medium
of the following composition was used
:
Peptone 10 per cent
Sodium phosphate 20 per cent
Potassium chloride 50 per cent
Sucrose in quantities varying from 1 to 10 per cent as fol-
lows:
Series A, 2 Flasks 250 cc each, 10 per cent sucrose
Series B. 2 Flasks 250 cc each, 8 per cent sucrose
Series C. 2 Flasks 250 cc each, 5 per cent sucrose
Series D. 2 Flasks 250 cc each, 2.5 per cent sucrose
Series E. 2 Flasks 250 cc each, 1.0 per cent sucrose
Only one culture was used in these experiments, as it was
thought that the results from this culture would be represent-
ative of the action of the group of bacteria and the work would
in this way be greatly facilitated. As the group of organism?
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was fairly constant in the respective behavior of the different
species under different conditions, it was thought that these
results would show the conditions favoring the formation of
levan.
EXPERIMENT No. I.—INFLUENCE OP CONCENTRATION OF SU-
CROSE UPON THE FORMATION OF GUM.
Culture used, Bacillus vulgatus. ^
Series
A. Control
A. Inoculated. . . .
B. Control
B. Inoculated ....
C. Control
C. Inoculated. . . .
D. Control
D. Inoculated. . . .
E. Control
E. Inoculated . . .
^
F. Control
F. Inoculated. . . .
G. Control
G. Inoculated . . . .
H. Control
H. Inoculated. . . .
I. Control
I. Inoculated. . . .
o
0.5
1.7
0.4
2.8
0.5
2.4
0.5
2.3
0.4
1.6
0.4
1.5
0.3
1.5
0.2
1.7
0.2
1.5
17.24
12.90
18.1?
14.82
"
0.16
'
V.16
'
0.12
38.0
11.0
28.6
9.8
33.7
23.4
1.6
9.5
7.9
0.14
0.06
7.3
6.0
5.0
4.2
2.5
0.9
1.0
0.2
38.43
17.14
19.27
15.05
35.16
13.46
23.98
6.89
9.32
7.94
7.17
6.28
4.8?
4.2
2.52
1.08
10.41
.91
12.62
11.15
10.02
'
V.58
'
V.73
'
V.35
0.34
0.17
From the foregoing table of results it will be observed that
in every case where sucrose has been destroyed levan has been
formed. From this it would seem that the formation of levan
is a very constant factor in the deterioration of sucrose, although
the amount of gum shown by the analysis is not in every case
proportionate to the amount of sucrose destroyed. In this con-
nection, however, it must be remembered that the gum is to
some extent transitory owing to the fact that it is quite readily
hydrolized by the acids formed in the course of fermentation.
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"We find the ratio between loss of sucrose and the formation
of gum to be highest in Series C, where the amount of gum
formed is 93 per cent of the sucrose destroyed. It must be borne
in mind, however, that the sucrose as determined by both single
polarization and Clerget was subject to the error of analysis
due to the presence of levan. This substance, as previously
noted, tends to make the single polarization lower and the Clerget
higher. Our attempt, therefore, to show the relation between the
loss in sucrose and the formation of gum would be subject to
the error introduced by the presence of that substance. The expe-
riment shows that the greatest per cent of gum formed to sucrose
destroyed was coincident with the presence of the largest per
cent of reducing usgar to destroyed sucrose. It seems, therefore,
that reducing sugars are not the origin of the gum, for other-
wise we would find the largest ratio of gum to destroyed sucrose
in the case where the ratio of reducing sugars to destroyed sucrose
was lowest. In Series C, where we have the highest per cent
of destroyed sucrose represented in the gum formed, we also
have the largest per cent of reducing sugars, and, although the
optical activity of the gum introduces an error in our Clerget
from which we are making our comparisons, yet this error does
not invalidate our comparative data. It will be seen, further,
in our study of the table of results that the concentration of
sucrose most favorable for the development of gum seems to
be about 20 per cent, while the largest per cent of gum formed
to sucrose destroyed takes place at 25 per cent. In none of these
various concentrations is there any suggestion of a typical inver-
sion having taken place, and it has been shown that the pres-
ence of the largest amount of reducing sugars is associated with
the highest ratio between destroyed sucrose and gum develop-
ment. It appears obvious that the formation of gum does not
depend upon a previous inversion of the sucrose. In order to
determine the highest concentration at which the gum formation
will take place, this experiment was continued and concentrations
of sucrose up to 60 per cent were used. The sucrose determina-
tions in these cases were qualitative and it was found that the
gum development would take place in concentrations as high as
60 per cent. Ritsert (^"^) also found that his gum bacillus pro-
*Berichte Deutschen. Pharmazeutischen. Gesellschaft. Vol. I, 1891, pp
389, 390.
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duced gum in concentrations as high as 60 per cent. In this
concentration the formation of gum by the species that we have
studied is very weak.
Experiment No. 2.
THE INFLUENCE OF REDUCING SUGARS ON THE
FORMATION OF GUM.
We have seen from Experiment No. 1 that the concentration
of the sucrose, while affecting the formation of gum, does not
seem to show any evidence of any inverting action associated
with this process. It will be interesting, therefore, to see to
what extent the formation of gum is influenced by the presence
of reducing sugar in the medium. The solution used in this
experiment was the same as that used in Experiment No. 1,
except for the reducing sugars, which was made the varying
factor. The series was as follows:
Series A. 10 per cent sucrose—No reducing sugars
Series B. 8 per cent sucrose— 2 per cent reducing sugars
Series C. 5 per cent sucrose— 5 per cent reducing sugars
Series D. 2.5 per cent sucrose— 7.5 per cent reducing sugars
Series E. 1 per cent sucrose— 9 per cent reducing sugars
Series F. No sucrose —10 per cent reducing sugars
EXPERIMENT No. II.—INFLUENCE OF REDUCING SUGARS UPON
THE FORMATION OF GUM.
Culture used, Bacillus vulgatus.
Series
o
A.
A.
B. Control
B. Inoculated
C.
c. Inoculated
D. Control
D.
E. Control
E. Inoculated
P. Control
P. Inoculated
0.1
1.5
0.8
2.0
1.0
2.5
1.3
2.8
1.4
2.8
1.5
3.2
0.79
1.89
2.67
4.44
6.06
6.90
7.14
8.00
8.50
8.70
8.70
9.3
8.0
7.1
6.1
3.8
1.6
1.1
0.6
0.6
0.7
1.6
1.7
8.6^
8.25
7.43
6.76
4.74
2.64
2.51
1.97
0.72
0.73
0.71
1.05
0.87
0.29
0.21
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From the foregoing table it will be seen that the greatest
amount of gum was formed in Series B, where there was 7 per
cent sucrose and more than 3 per cent of reducing sugars, and
in Series F, containing 8.7 per cent of reducing sugars, no gum
was formed. It will be noticed, further, that the gum forma-
tion in Series B to Series F
,
inclusive, is proportionate to the
sucrose content. Indeed the presence of reducing sugars seems
to have little influence in gum formation and the results of this
experiment are only a repetition of the previous one, in which
the concentration of the sucrose was the only variable factor.
The variation of reducing sugars in the above experiment seems
to affect the formation of gum only in so far as it has been accom-
panied by variations in the per cent of sucrose. If the gum was
formed from reducing sugars it would seem that the increase of
reducing sugars would have been followed by an increased
amount of gum formed. In the above case the reducing sugars
used were in the form of equal parts of dextrose and levulose
which were added to the solution. In order to determine the
affect of varying proportion of these two sugars and the sucrose
the following experiment was conducted:
Experiment No. 3.
THE INFLUENCE OF DEXTROSE AND LEVULOSE ON
GUM FORMATION.
The series comprising the experiment was as follows:
Series A.
Series B.
Series C.
Series D.
Series E.
Series F.
Series G.
Series H.
Series I.
Series J.
Series K.
10 per cent sucrose
10 per cent dextrose
10w per cent levulose
8 per cent sucrose
5 per cent sucrose
2.5 per cent sucrose
1 per cent sucrose
8 per cent sucrose
5 per cent sucrose
2.5 per cent sucrose
1 per cent sucrose
2 per cent dextrose
5 per cent dextrose
7.5 per cent dextrose
9 per cent dextrose
2 per cent dextrose
5 per cent dextrose
7.5 per cent dextrose
9 per cent dextrose
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EXPERIMENT No. III.—INFLUENCE OP DEXTROSE AND LEVULOSE
UPON THE FORMATION OF GUM.
Culture used, Bacillus vulgatus.
Series
o
'rrt
_
•
A. Control. . .
A. Inoculated
B. Control . . .
B. Inoculated
C. Control...
C. Inoculated
D. Control...
D. Inoculated
E. Control...
E. Inoculated
F. Control . . .
F. Inoculated
G. Control . . .
G. Inoculated
H. Control . . .
H. Inoculated
I. Control. . .
I. Inoculated
J. Control . . .
J. Inoculated
K. Control...
K. Inoculated.
0.1
2.0
1.8
3.0
2.0
2.5
0.8
1.9
1.1
2.7
1.4
2.6
2.8
2.3
1.8
0.6
1.9
1.3
2.0
1.5
2.0
1.2
4.17
9.76
7.4
9.08
8.34
1.79
3.51
4.08
5.4
6.66
6.66
7.9
7.9
5.0
1.8
7.70
4.25
8.34
12.9
8.5
8.34
8.5
3.9
7.9
7.1
-11.9
-11.1
10.0
6.2
7.5
7.0
7.7
7.2
7.2
6.8
1.1
5.8
0.8
8.8
6.0
-10.5
-10.5
8.80
4.89
5.44
4.50
4.29
2.29
1.45
0.70
0.70
8.53
4.31
1.02
4.79
0.02
2.86
8.85
From the foregoing results it will be noted that the forma-
tion of gum is greatest where the sucrose is highest and decreases
almost proportionately with the decrease of sucrose. The varia-
tion of dextrose and levulose had no effect and the gum varied
just in proportion to the variation of sucrose. Unless there is
some peculiar property possessed by these sugars in their nas-
cent stage, as suggested by Smith's theory, which renders them
capable of being transformed into gum levan, there is little evi-
dence in the above experiment of the reducing sugar origin of
the gum. As one of the accelerating factors in the inversion by
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invertase is the acidity of the medium, it might be of interest
for us to investigate the influence of the titration of the medium
upon the formation of levan.
Experiment No. 4.
INFLUENCE OF ACIDITY OR ALKALINITY UPON GUM
FORMATION.
In this experiment the regular 10 per cent sucrose solution
was used in every series and the only varying factor was the
titration of the medium. The acidity was produced by the ad-
dition of N/10 sulphuric acid and the desired alkalinity obtained
by the use of N/10 KOH. The acid or alkali was added before
sterilization and in some cases the heating incident to that
process tended to increase the acidity by the liberation of
organic acids. Series D was prepared slightly alkaline, but
ultimately became slightly acid. Series E remained slightly
alkaline throughout the sterilization.
EXPERIMENT No. IV.—INFLUENCE OF ACIDITY OR ALKALINITY
UPON GUM FORMATION.
Culture used, Bacillus vulgatus.
Series
O
a;
"rrt .
A. Control 0.2 0.0
A. Inoculated 1.5 0.75
B. Control 1.1 0.0
B. Inoculated 1.4 0.47
C. Control 1.7 0.0
C. Inoculated 1.6 0.55
D. Control 2.2 0.0
D. Inoculated 2.3 1.08
E. Control 0.0 0.0
E. Inoculated 1.3 0.29
P. Control . (0.2 Alk) 0.0
F. Inoculated 1.3 0.40
G. Control (0.1 Alk) 0.00
G. Inoculated
1
1.2 0.00
9.2
9.2
10.1
8.2
9.6
8.5
9.1
8.9
10.3
9.8
9.2
10.2
10.0
9.41
9.31
10.0
8.09
9.62
8.51
9.28
9.13
10.1
9.56
9.12
9.48
10.11
10.0
0.38
0.29'
0.14r
0.21
0.38
0.33
'o".26:
5B
It was in the slightly alkaline series that the gum develop-
ment was greatest, indicating that this action, unlike that of
inversion, is favored by slight alkalinity. Zopf found this
to be true of the formation of dextran by the Leuconostoc mesen-
teroides. This has also been found to be true for the various
gum-forming organisms described by other authors. If the
formation of gum was dependent upon the previous inversion by
the bacteria, we should have expected the greatest gum develop-
ment in series C, which required 2.4 cc. of the N/10 KOH to
20 cc. 0 'Sullivan and Thompson (t) in their work on invertase
found the optimum acidity varied according to the per cent of
invertase in the solution and the temperature at which the inver-
sion was conducted. Under no conditions, however, was inver-
sion found to be stimulated by an alkaline medium. Fermi and
Montesano (|) found that the inversion of sugar would take
place to a very slight degree in a medium of slightly alkaline
reaction. In this respect it was quite different from the inver-
tase enzyme which is favored by an acid reaction. It may be
argued, however, that the formation of gum is different from
inversion in its requirements in this respect, yet if nascent
reducing sugar is the origin of the gum the development of this
substance would be limited to the invert sugar formed. The
control in Series E. showed no reducing sugar, so that inversion
must have taken place before there could have been any reducing
sugars from which the gum was formed. It is obviously true
that in the event that the sugar is also inverted before gum
formation can take place the amount of gum formed would be
limited to the extent of the inverting action. If acidity favored
inversion and alkalinity favored gum formation, we could not
expect the latter to take place in an alkaline solution where
there are no reducing sugars present. As bur greatest gum
formation occurs in just such a solution, and as this has been
found to be true of most of the gum-forming bacteria, we may
very probably reach one of the two conclusions—^namely, that
the action of the invertase of bacteria is unlike that which has
been isolated from other sources and which has been very
minutely studied; or, second, that the gum is not formed from
reducing sugars at all, but directly from sucrose.
*Beit. z. Phys. und Morph. Niederer Organismes. Heft 1, 1892, p. 1,
fLoc cit.
$Cent. Bakt. II, p. 482-542.
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Experiment No. 5.
INFLUENCE OF PEPTONE.
The bacteria inducing the gum fermentation of sucrose are
somewhat unusual in respect to their nutrient requirements.
They are able to develop upon a substratum, which is very poor
in nitrogen supply, and hence they are enabled to develop in
sugars. As the nitrogenous matter in sugars would be subject
to variations resulting from the different degrees of clarification,
it might be interesting for us to investigate the influence of this
substance on gum formation. Deerr and Norris have found
in their work (*) that bacteria were retarded in their develop-
ment by the presence of more than very small amounts of
peptone. The series of experiments was as follows : A standard
sucrose solution used for the previous experiments was used
here with the per cent of peptone the only varying factor. The
series was as follows
:
Series A. No peptone
Series B. .01 per cent peptone
Series C. .10 per cent peptone •
Series D. .25 per cent peptone
Series E. .50 per cent peptone
Series F. .75 per cent peptone
Series G. 1.00 per cent peptone
Series H. 1.00 per cent ammonium sulphate
Series I. 1.00 per cent asparagine
*Bullctin No. 24, The Deterioration of Sugars in Storage, Hawaiian Sug'ar
I'laritcrs' Association.
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EXPERIMENT No. V.—INFLUENCE OF PEPTONE ON GUM FORMA-
TION.
Culture used, Bacillus vulg-atus.
Series
o
I
Control . . . .
Inoculated
.
B. Control. . . .
B. Inoculated.
C. Control. . . .
C. Inoculated,
D. Control. . . .
D. Inoculated.
E. Control . . . .
E. Inoculated
F. Control ...
F. Inoculated
G. Control. . . .
G. Inoculated.
H. Control
H. Inoculated.
I. Control . . . .
I. Inoculated.
0.6
0.1
1.0
0.2
1.4
0.3
0.6
3.8
0.7
3.2
1.3
4.5
3.6
4.0
4.5
5.0
0.58
6.78
6.16
6.24
6.66
2.65
9.6
9.5
9.2
9.0
9.1
8.1
9.0
-
.3
8.8
9.0
-0.2
8.5
9.0
6.0
9.7
9.86
9.60
9.37
9.13
9.04
8.60
9.59
0.02
0.27
0.25
5.26
9.36
0.14
9.84
1.78
9.28
1.32
9.17
6.62
9.37
1.3
0.08
2.33
1.96
1.59
0.86
From the foregoing table it will be observed that the greatest
amount of gum was produced in Series E, which contained .50
per cent of peptone. The results, as a whole, however, do not
tend to show any relation between the presence of peptone and
the formation of gum. Up to .50 per cent the addition of
peptone seems to have a perceptible affect, but beyond this
strength the peptone seems to interfere with the devlopment of
gum. The results indicate that .50 per cent peptone is the
optimum amount for gum development, although up to this
point the increase of gum does not consistently follow the in-
crease of peptone. In Series H and I ammonium sulphate and
asparagine were used respectively as a source of nitrogen for the
bacteria. Although the gum formation in both cases seems to
have been retarded, yet the loss in sucrose and the increase in
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reducing sugar indicate that the gum was possibly formed and
lost through some unknown cause. In a previous chapter where
the characteristics of the different species were given it was
stated that these species could develop in an albumen-free
medium in which asparagine was used as a nitrogen supply. The
nitrogen requirement of the organisms both in this case referred
to and in Series I of the above experiments seems to have been
fully satisfied. This indicates the peculiarity of the organisms
and largely explains their ability to develop in the environments
offered by the sugars in which they are found.
Experiment No. 6.
INFLUENCE OF CHLORIDES UPON GUM
DEVELOPMENT.
In the work of Deerr and Norris on the deterioration of
sugars, these authors observed that there was a more or less
distinct relation between the inorganic constituents of a sugar
and its tendency towards deterioration. Of this inorganic por-
tion or mineral matter the chlorides were thought to be of most
importance in their influence upon the keeping qualities of a
sugar. Zopf (*) in his work on Leuconostoc mesenteroides
found that calcium chloride tended to accelerate the fermenta-
tion of sugar into dextran by this organism. It seems therefore
that it might be well to investigate the influence of chlorides
upon gum formed by the species under investigation, so that we
might determine its influence in sugars. Both calcium and
potassium chloride were used in varying amounts so that the
experiment is not only a comparison of varying amounts of chlo-
ride but also a comparison of the relative influence of the two
substances upon gum formation. The plan of the experiment
was as follows:
A standard sucrose solution was used as a basis, the only
varying factor being the chloride. The series was:
Series A. Control; no chloride
Series B. .10 per cent potassium chloride
Series C. .25 per cent potassium chloride
Series D. .50 per cent potassium chloride
*Loc cit.
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Series E. .75 per cent potassium chloride
Series F. 1.00 per cent potassium chloride
Series G. .10 per cent calcium chloride
Series H. .25 per cent calcium chloride
Series I. .50 per cent calcium chloride
Series J. 1.00 per cent calcium chloride
EXPERIMENT No. VI.- -INFLUENCE OF
FORMATION.
CHLORIDES UPON GUM
Culture used, Bacillus vulgatus.
Series
o
0)
1 '.^g
I
A. Control | 0.1
A. Inoculated | 1.4
I
B. Control | 0.1
B. Inoculated | 1.4
I
C. Control | 0.1
C. Inoculated | 1.4
I
D. Control | 0.1
D. Inoculated | 1.5
I
E. Control | 0.1
E. Inoculated | 1.5
I
F. Control | 0.2
F. Inoculated | 1.3
I
G. Control | 0.2
G. Inoculated | 1.4
I
H. Control | 1.3
H. Inoculated | 1.2
I
I. Control
I
1.5
I. Inoculated | 1.3
I
J. Control
I
1.3
J. Inoculated | 1.3
i
7.14
4.54
2.85
0.62
1.42
0.95
2.77
3.12
3.51
4.44
4.44
4.35
6.25
9.2
9.2
3.4
2.8
9.2
5.6
9.2
8.1
9.2
7.0
8.2
8.2
5.7
5.0
3.4
3.5
3.5
3.5
9.57
9.54
5.11
9.23
4.42
9.54
6.62
9.54
8.61
9.62
7.77
8.37
8.77
6.53
6.33
5.11
5.19
5.10
5.02
Comparing the results of the foregoing table we find that
the greatest amount of gum was produced in Series C, which
contained .25 per cent potassium chloride. The development of
gum seems to be retarded by the presence of large amounts of
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this substance. Potassium chloride seems to give higher results
than calcium. In the case of the experiment with the latter,
however, the gum increases almost in proportion to the increase
of chloride, but in the former no such constant increase can be
observed. According to the above results, it seems that chlorides
have little or no influence upon gum formation.
Experiment No. 7.
THE INFLUENCE OF AIR UPON GUM FORMATION.
Teh species constituting the bacterial flora of sugars are
facultative anaerobic, but they would be expected to induce a
more active fermentation of sugars under aerobic conditions.
In order to determine the extent to which this action is dependent
upon the air supply, the following experiment was conducted
:
A standard sucrose solution was used as in previous experi-
ments. A series of experiments was instituted representing
anaerobic natural conditions, and conditions of air in excess.
In Series A the anaerobic conditions were obtained by passing
hydrogen gas through the flask until the oxygen had been entirely
displaced, when the flask was hermetically sealed. In C, the
series in which air was supplied in excess, the air was drawn
through the flask by a filter pump for five minutes each day
of the incubating period.
EXPERIMENT No. VII.—INFLUENCE OE OXYGEN SUPPLY UPON
THE FORMATION OF GUM.
Culture used, Bacillus vulgatus.
rn
Condition
of
Aeration
o
3ing-
Sugar
Single
Polarization
Clerget
,
Serie: Acidi 20
c
cc.
reqi
Reduc
Gum.
A. Anaerobic 4.3 3.12 3.6 5.30 2.23
B. Natural 4.2 6.44 0.2 2.26 2.79
C. 9.5 5.90
1
— 2.9 0.73 4.24
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A B C
PLATE SHOWING FLASKS USED IN EXPERIMENT VIL
(A) Anaerobic conditions.
(B) Natural conditions.
(C) Conditions of air in excess.
In the above experiments and from the above results it will
be noted that the difference in the amount of gum in A and B
is not as large as was to have been expected, even though the
organism is facultative anaerobic. In Series C the increase of
gum over the other series indicates that a copious supply of air
is a great factor in gum formation. The results of the experi-
ments are of some significance since they show that the condition
of the aeration of a sugar may have a marked influence upon
its deterioration. Everything else being equally favorable for
the action of the gum formation, we might, in the light of the
above experiment, expect a greater deterioration from a well-
aerated sugar than where there was no circulation of air. This
might, doubtless, explain why certain very low grade sugars do
not deteriorate as rapidly as the higher grade sugars. The
molasses comprising the film around the crystals may exclude
the air, while in the higher grades of sugars there might be a
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copious supply. It has been observed by other investigators of
this subject that the difference in the deterioration of a low and
high grade sugar indicated that some condition obtained in the
latter which made them deteriorate more rapidly. As the con-
dition of moisture is a very vital one, and as this condition is
apt to be more favorable for bacterial action in the lower than
in the higher grade sugars, the relative aeration of the two
products may be a possible explanation of the difference in the
rate of deterioration. We have in many cases observed that
where the moisture of a higher grade sugar happens to be in-
creased from any cause until it approximates that of an average
raw sugar, a deterioration under such conditions is very rapid
and very much greater than in low grade sugars of the same
moisture content.
Experiment No. 8.
GUM DEVELOPMENT AS AFFECTED BY DURATION
OF INOCULATION PERIOD.
In some of the old culture solutions in which the development
of gum had been in progress for some time, it was observed
that the gum in certain of these cases showed a tendency to
decrease. This may probably be attributed to the hydrolytic
action of the acids developed in the process of fermentation.
In order to determine the relation between the age of the culture
and the disappearance of the gum, as well. as to study the
rapidity of the destruction of sucrose, the following experiment
was instituted
:
A large quantity of the standard sucrose solution,
as used in previous experiments, was inoculated with cultures of
Bacillus vulgatus and incubated at 37° C. An analysis was
made before inoculation and every other day thereafter for three
weeks. After this time the analyses were made weekly.
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EXPERIMENT No. VIII.—GUM DEVELOPMENT AS AFFECTED BY
DURATION OF INOCULATION PERIOD.
Culture used, Bacillus vulgatus.
Age of cult.
2 days
4
6
"
8
10 "
13
15 "
17 "
20 "
22
28 "
34 "
42 "
2-3
2.5
2.8
2.6
2.6
2.3
2.2
2.4
2.1
3.0
3.2
3.6
2.33
5.56
6.78
7.28
6.90
6.90
7.14
7.14
7.14
7.14
7.84
7.28
7.84
m
O cu
?0 bJD
9.2
5.6
2.0
0.0
0.4
0.4
1.3
1.2
1.3
1.3
1.8
1.8
2.1
6.74
4.83
2.30
2.30
1.63
1.85
1.35
2.36
1.66
1.23
1.16
1.00
0.26
6.04
3.65
.11
.76
1.05
1.77
3.28
2.82
2.59
1.98
1.34
1.88
(2.37)
1.69
0.65
A glance at the foregoing table shows that the sucrose in the
solution was completely destroyed by the tenth day, and that
the analysis on the second day showed a concurrent development
in both gum and reducing sugars. The amount of gum was
highest on the sixth day, after which time it decreased until the
last analysis, which showed only .65 per cent. The reducing
sugar, on the other hand, continued to increase during the entire
period observed. Under the head of true sucrose, where the
results are given as corrected Clerget, it will be seen that the
sucrose was entirely destroyed on the sixth day. It is quite
interesting to compare the true sucrose estimated in this way
with the Clerget and the single polarization: Where 3.28 per
cent of gum occurs the difference between the Clerget and cor-
rected true sucrose is as high as 1.19 per cent. The Clerget
never shows an entire destruction of sucrose, owing to the fact
that as long as gum is present there will be a sucrose reading.
The investigators of the subject of bacterial deterioration of
sucrose have found that the various bacteria investigated in this
connection have never brought about an entire destruction of
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sucrose as measured by the Clerget method of analysis. This
experiment shows ^ery clearly how they might have been in
error in their assumption. The results very clearly explain
how they might easily have been misled in their observation.
On the following pages will be observed two charts showing the
loss in sucrose and increase in reducing sugars and gums as
tabulated in the foregoing table.
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The second chart shows the relation between the single
polarization, Clerget and true sucrose (and a corrected Clerget)
in the above experiment. It will be noticed that the Clerget is
consistently higher and the single polarization lower than the
true sucrose. This explains very clearly why the results from
our experiments with inoculated sugar showed an increase in
sucrose from the Clerget method of analysis, and a loss as
measured by single polarization. In our corrections for gums
by means of which we determine our true sucrose it must be
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remembered that any method for the quantitative determination
of gum is subject to error. The difficulty of removing it from
the flask in which it is precipitated and the many other ways in
which an error may exist render an absolutely accurate determin-
ation hardly to be expected. We do not believe that the factor of
error is such as to materially change the relation between the
respective curves of sucrose, reducing sugars and gums. The
diagram showing the variation of single polarization and Clerget
from the true sucrose shows that in the presence of levan the
factor of error is larger for the sucrose Clerget, than in the
case of the single polarization. From this it will be seen that
the Clerget method for determining sucrose under such condi-
tion is very unreliable. Referring to the diagram No. 2, it will
be noted that the Clerget reading on the sixth day is 2.30 per
cent where the single polarization gives zero sucrose and where
true sucrose is .11. The single polarization is .11 low, while
the Clerget is 2.29 per cent high. In the presence of appreciable
quantities of levan the single polarization will probably be the
more reliable of the two methods.
Experiment No. 9.
ISOLATION OF GUM-FORMING ENZYMES.
In studying the formation of levan by the bacteria of sugars
there is much to suggest extracellular enzyme action. Were
the gum formed intracellularly it is believed that it could diffuse
from the cell only with the greatest difficulty and if it originated
intracellularly it seems that there would be little difficulty in
demonstrating its presence as a capsule enveloping the organ-
isms. But, as a matter of fact, the presence of a capsule was
very rarely observed in our study of the species forming levan.
Many efforts were made to demonstrate the presence of a capsule
and almost all of the special staining methods were used with
little success. As most of these methods are based on the fixation
of the capsule by acids, it was hardly to be expected that they
would be effective in this case where the capsule, if present, would
most likely be soluble in such a solution. As levan is precipi-
tated by alcohol in an alkaline solution, a method of staining was
originated which had this as a basis. The cover glass containing
the film was immersed in 95 per cent alcohol, which had first
been rendered alkaline to phenolphatalein by soaium hydroxide.
The alcohol was allowed to act for three minutes, during which
time the cover glass was gently heated on a gas flame. After the
stain had been heated the cover glass was then washed in a
physiological salt solution, and then mounted in the usual way.
Occasionally this method gave good results and it was the only
method that ever succeeded in our hands. As the capsule
wherever such a formation occurs is the levan formed by the
organisms, the above method ought to have demonstrated this
gum as a capsule if it surrounded the bacteria. The rareness
of our success in using this method very strongly indicated that
the levan formed by the organism does not surround the organ-
ism as a capsule, but is likely to be formed away from the celL
In certain cases where a large amount of gum has formed in the
solution from which the mounts were made, the capsule forma-
tion was observed. Even here, however, it is most probable that
the gum which was stained was not a true capsule but only a
part of the gum that had enclosed the organism. The question
as to whether the gum is formed by an extracellular or an intra-
cellular enzyme has been answered differently by different inves-
tigators on this subject.
Greig Smith (*) in his report seems inclined to the former
opinion, while Marshall Ward and Reynolds Greene (*) believe
that their organism produced the gum intracellularly, and that
the gum occurring in the medium in which the organism grew
was really the diffluent capsule of the cell. Lehmann and
Newman ( t ) and Ritsert and Happ are also inclined to favor the
extracellular theory. In order to determine the manner in which
the gum was formed effort was made by the author to isolate the
enzyme capable of producing levan from sugars. Believing that
if there was such an enzyme it would very likely occur outside
of the bacterial cells in solution undergoing gum fermentation
and that it would be detected there at some stage of the fer-
mentation period, the plan was to prove its existence by means
of the porcelain filter. The standard sucrose solution was placed
*Loc cit.
fText Book of Bacteriology. Lehmann and Newman.
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in an Erlenmeyer flask and inoculated with cultures of Bacillus
vulgatus. After different periods of incubation varying from 24
hours to 10 days, the cultures were killed with thymol and the
liquid filtered through a porcelain filter. The filtrate was then
introduced into a flask containing standard sucrose solution to
which toluene had been added to prevent contamination from
other sources. In some cases chloroform was used as a means
of killing the cultures and in others the cells were not treated with
any antiseptic at all before filtering. The purpose of using the
antiseptics was to bring about such injury to the cells that in
the event of the enzyme being strictly intracellular this treat-
ment might cause them to diffuse into the surrounding medium.
In some cases a gum development followed the inoculation with
this filtrate, but in the majority of these, contaminations were
found to have been responsible for them. Thinking that the
presence of a large amount of gum in the culture solution tended
to hold in check the filtration of the enzyme through the
porcelain filter, smaller percentages of sugar were tried in the
solutuion in order to reduce the per cent of gum formed; but
this change did not seem to correct the difficulty. The failure,
however, to detect an enzyme by such means neither disproves
the existence of the enzyme nor even the extracellular nature of
its action. It is perfectly conceivable, of course, that an
enzyme may be extracellular in its action and yet not filter
through porcelain. There is, in fact, no relation between the
zone of action of an enzyme and its behavior towards the porce-
lain filter. Although all of the known enzymes which have
been proven to be extracellular in their action have been demon-
strated to be so by means of the porcelain filter, it, of course,
does not affect the theory of an extracellular enzyme being non-
filterable through porcelain. The work was therefore continued,
but a different method was adopted. We next tried to isolate
the enzyme from cultures on solid medium and for this purpose
we used ordinary plain agar which was inoculated with bacillus
vulgatus and plated out in large moist chambers. In our experi-
ment five or six of these chambers were half filled with agar and
inoculated and then incubated at 37.5 C. for a week or ten days.
At the end of this time a vigorous growth had covered the entire
surface of the chambers. This surface portion of the medium
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which was composed of the growth of the bacillus was scraped off
with a sterile glass slide and placed in a large mortar, where it
was triturated with powdered glass until it was of the consist-
ency of a very finely ground mass. This large mass of the
growth of the organism was next dissolved in distilled water,
after which it was precipitated with alcohol. The alcoholic
precipitate was of a very flocculent nature and it settled out
quite rapidly after about five volumes of alcohol had been added.
The precipitate was then taken and introduced into a flask con-
taining 250 cc. of the 10 per cent standard sucrose solution, to
which 25 per cent of toluene was added to prevent the growth
of any micro-organisms. After the flask was inoculated it was
placed in an incubator at 37.5° C, where it was kept for several
days. As a control over the experiments flasks containing the
same quantity of the sugar solution were treated as follows:
One was left uninoculated and untreated as a control upon the
sterility of the solution used ; another was treated with the same
per cent of toluene as used in the first case, and then inocu-
lated with the culture of Bacillus vulgatus as a control on the
efficiency of the amount of toluene used as a preventive of cell
development. If levan were produced under the last condition
of inoculation it wwld naturally be assumed that the amount
of toluene added had been insufficient and conclusive proof of
the action of an enzyme would in that case be lacking, even
though positive results were obtained from the inoculation with
the alcoholic precipitate. Still another flask was used as a
further control of the experiment. In this case the solutuion
was untreated and inoculated from the same cutlure as used in
previous cases. The object of this control was to demonstrate
the ability of the culture to produce gum in the solution used.
If the alcoholic precipitate contained an active enzyme we should
expect the results from the above experiment to be as follows
:
Flask No. 1—No bacteria observed in microscopical
examination; gum and reducing sugar
formed.
Flask No. 2—No bacteria observed; no gum; no re-
ducing sugars.
Flask No. 3—No bacteria observed ; no gums and no
reducing sugars
Flask No. 4—Bacteria; gums and reducing sugars
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The results, however, were surprising in this particular, that
with but one exception an enzyme action was conclusively shown.
This exception was with Flask No. 2, which was inoculated from
the culture of bacillus vulgatus and in which gum had been
formed in small quantities. At first thought this was taken as
an indication of the lack of a sufficient amount of toluene to
prevent the development of the bacteria introduced. A micro-
scopical examination, however, repeatedly failed to show any
indication of bacterial activity. Although a few bacterial cells
were observed these did not appear in a healthy condition, but
showed marked signs of deterioration and no motion could be
observed in a hanging drop. The results of the experiment were,
however, discarded even though the flask inoculated with the
alcoholic precipitate of the culture showed gum development
associated with an absence of any bacteria. The experiment was
repeated with increasing amounts of toluene until the amount of
toluene used was as high as 50 per cent, but even this excessive
amount of antiseptic did not change the results and gum forma-
tion continued to follow the inoculation with the old culture, as
well as that from the alcoholic precipitate. The consistent gum
development which followed inoculation from the old culture
where the amount of toluene used had a theoretical antiseptic
value far greater than should have been necessary to prevent
the development of bacteria, indicated that the culture medium
introduced owed its gum-forming power to some other source
than that of the bacteria introduced. The explanation of results
are perfectly obvious, particularly in view of the absence
of bacteria occurring under this condition. In the old agar
cultures the enzyme had been secreted and had become diffused
throughout the medium. When a small portion of this culture
was transferred to the solution enough of the enzyme was intro-
duced therewith to bring about the gum formation. Just as
when the enzyme is introduced in the form of an alcoholic
precipitate, gum was formed where the organism had
been introduced. This, however, was always much less
than where the alcoholic precipitate was used, showing
that the difference of condition was only one of de-
gree. In order to prove this point, another experiment was
carried out in which small portions of this same agar culture,
upon which no growth occurred, was used in inoculating the
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sucrose solution. With a sterile platinum loop small portions
of the agar were taken from the surface of the culture flask at a
point as far removed as possible from the growth of the bacteria.
In this case it was found that gum development followed this
means of inoculation just as in the case where that portion of
agar containing the growth of the organism was used. Toluene
was used in the same amounts as in the former case. Analyses
of these experiments always showed the presence of both gum
and reducing sugar where the uninoculated control solution con-
tained neither. It is very evident, therefore, that the enzyme
thus discovered breaks down sucrose into gum and reducing
sugar. In the light of this experiment and in further consid-
eration of the preponderance of evidence that we have previously
noted in support of this enzyme theory, it seems thoroughly con-
sistent with the facts to state that gum levan is formed by an
extracellular enzyme to which we give the name Levanase. The
decomposition of sugars by this enzyme is probably as follow:^:
Ci2H220ii=CgIIi206+C6Hjo05
As will be noted this reaction shows a new decomposition of
sucrose. It is very probable that dextran is also produced by
an enzyme (*).
Experiment No. 10.
INFLUENCE OF NASCENT LEVULOSE AND DEXTROSE.
Our previous experiments in this part of our investigations
have been directed towards proving that sucrose is the origin
of the gum levan formed by the sugar bacteria in their action
upon sucrose. "We have shown that the formation of levan always
accompanies the destruction of sucrose and that the presence of
sucrose is essential to this gum formation. We have further
shown that the bacteria were not able to produce this gum from
reducing sugars in their natural state. We have shown further
that the destruction of sucrose and the accompanying develop-
ment of gum takes place under conditions of concentration of
sugars and the alkalinity of the solution that have been found m
*The properties of this new enzyme are now being investigated and will
form a subject of a publication that is to follow in the near future.
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be highly unfavorable to the action of invertase. These facts have
led us to propose a theory of the direct change of sucrose into
levan and reducing sugars. This hypothesis seems, in the light
of the above enumerated results, to be the only one that com-
pletely fulfills the conditions of our experiment. In order to
definitely prove, however, the effect of nascent levuluose and
dextrose upon the gum formation, as suggested by Grieg Smith
in his investigations of the subject, the following experiment was
planned
:
The standard sucrose solution, as used in previous experi-
ments, was inoculated with yeast and cultures of the Bacillus
vulgatus for the purpose of determining whether the invert
sugar formed by the yeast would increase the gum formation
of the bacillus. The series used in the experiment was as fol-
lows:
Series A. 2 flasks inoculated with Bacillus vulgatus.
Series B. 2 flasks inoculated with yeast alone.
Series C. 2 flasks inoculated with both yeast and Bacillus
vulgatus.
These flasks were placed in the incubator and incubated at
37.5 °C, and the first analysis was made at the end of the third
day. If the bacteria formed levan from nascent levulose or
dextrose we would expect more gum where the yeast and gum-
forming bacteria were used. There would certainly be more
inversion in that case, because yeasts are known to have a far
greater power to invert sucrose than any species of bacteria so
far studied. If less gum was formed in Series B than in Series
A, it shows that the nascent levulose and dextrose theory is
inconsistent with the facts, provided, of course, that the pres-
ence of the yeast did not interfere with the development of the
bacteria. The photograph on the opposite page shows that the
development of bacteria in Series B was certainly not interfered
with, but the formation of gum under this condition of double
inoculation was considerably less than where the bacterial cul-
ture were used alone.
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EXPERIMENT No. X.—INFLUENCE OF NASCENT LEVULOSE UPON
THE FORMATION OF GUM.
Culture used, Bacillus vulgatus.
Culture
o
I
Control
A. (1) |B. IV
B. (1) |B. IV and Yeast
C. (1)
I
Yeast
[Control
A. (2) |B. IV
B. (2) |B. IV and Yeast.
C. (2)
I
Yeast
0.7
4.1
8.5
6.6
O.S
3.8
9.1
5.4
4.25
7.02
7.28
6.78
2.27
6.25
9.3
4.5
0.8
0.6
9.3
0.3
2.8
4.5
9.73
5.89
2.08
2.32
9.44
1.88
In looking over the table of results we find that on the third
day, as shown by Analysis No. 1, the amonnt of reducing sugar
formed in Series B, in which both bacteria and yeast were used,
was almost double that of Series A, where the bacterial culture
was used alone. Under the head of gum we find that the rela-
tive amount of gum development in the two cases was exactly
opposite, the double inoculation producing 1.47 per cent where
the bacteria
.
alone produced 2.61 per cent, or about twice as
much. From this it appears that the amount of gum formed
where the inversion of sucrose was in progress was decreased in
almost direct proportion to the amount of invert sugar formed.
In other words, where the sucrose was inverted by the yeast it
was lost entirely in so far as it formed a basis for the develop-
ment of gum by the organism. "We might state, therefore, that
in solutions undergoing inversion the development of gum will
be inversely proportionate to the inversion of sucrose. The first
analysis was made after three days, which is indicated in the
table by the number placed after the series letter. The first
analysis was for the purpose of showing the extent to which the
bacteria were provided with adequate amounts of nascent dex-
troes and levulose throughout the period of fermentation. From
this analysis it will be seen that the yeast in Series B had
formed as much reducing sugar—or almost as much—as in
Series C, where the pure culture of yeast was employed. In
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the second analysis, which was made at the end of a week, it is
interesting to note that the reducing sugar in B had dropped
from 7.2 per cent in the first period to 2.27 in the second, but
this loss in reducing sugars is explained by the increase in
acidity from 8.5 per cent in the first, to 9.1 per cent in the
second. The bacteria had utilized the reducing sugar formed,
not in the development of gum, but in the formation of acid.
It seems evident from the above that the nascent levulose and
dextrose formed from the inversion of sucrose is no more favor-
able for the development of gum than what we have found to
be true for reducing sugars in their natural condition. This
experiment is, however, conclusive proof, we believe, of our the-
ory of the direct transformation of sucrose into gum and reducing
sugar. In comparing the relative loss of sucrose caused by the
yeast and the gum-forming bacteria we find that the destruction
of sucrose is almost as rapid in the latter case as in the first.
Experiment No. 11.
GUM DEVELOPMENT IN 10 PER CENT SUCROSE
SOLUTION WITHOUT ADDITION OF
NUTRIENT ELEMENTS.
In our study of the characteristics of the species constituting
the bacterial flora of sugar products we had occasion to observe
the peculiarity of these organisms in respect to their nutrient
demands. We find that they can grow vigorously upon non-
albuminous sub-strata, which explains to a large extent their
ability to develop upon sugars. We were unable to prove by
direct methods that the gum levan was formed in such products,
although we had sufficient evidence to convince us that the dete-
rioration that had taken place in sugars was through its trans-
formation into gum. In order, therefore, to determine whether
gum development would take place in a medium as poor in
nutrient value as the sugars in which we have found the species
occurring, we planned the following experiment: 10 per cent
sucrose solutions were made by adding to distilled water the
desired amount of different samples of sugar. Beginning in
Series A with the lowest grade sugar on hand, we increased the
purity of our solution to Series G, where we used a refined
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sugar. These solutions were then inoculated and incubated in
the usual way. The analyses were only qualitative, as we only
wished to determine whether gum formation had taken place.
EXPERIMENT No. XI.—GUM DEVELOPMENT IN 10% SUGAR SOLU-
TIONS WITHOUT ADDITION OF NUTRIENT SALTS.
Culture used, Bacillus vulgatus.
Series
No.
of
Sugar
Sam-
ple
used
Polarization
of
Sucrose
Identified
Gum
A 33 68.90
B 89 88.90
C 75 92.90
D 59 94.55 +
E 31 96.00 +
F , 64 98.70 +
G 95 Refined sugar 99.5 +
It will be noted from the foregoing table that levan could
not be identified where the low grades of sugar were used, but
was identified in all the high grade series, even in the case where
refined sugar was a source of the sucrose. It is, of course, fair
to assume that the conditions were more favorabale for gum
development in the cases where the lower grades of sugar were
used than in those where higher grades were the source of the
sucrose. It is mostly likely that levan was formed in these
cases, but it could not be identified on account of the impurities.
This was just the difficulty that was encountered in our work
on sucrose. In certain cases we have added pure levan to low
grade sugars and have been unable to identify it through our
methods of separation, on account of impurities that behaved
similarly to alcoholic precipitation. The experiments indicate
that the factor of moisture would be more likely to influence the
bacterial deterioration of sugars than the nutrient supply.
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Experiment No. 12.
GUM DEVELOPMENT IN BOUILLON.
We have found in the course of this investigation that in-
version of sucrose plays but little part in the bacterial deterio-
ration of sugars. According to Fermi (*) the invertase enzyme
is rarely possessed by bacteria. In his experiments upon various
organisms he discovered that comparatively few bacterial species
caused inversion of sugar. Among these are mentioned Bacillus
megatherium, the Kiel bacillus, and several others. Yignal (t)
found that Bacillus mesentericus vulgatus possessed such an
enzyme. According to Zopf (|) the Leuconostoc mesenteroides
also secretes an invertase enzyme.
Fermi found in his work on this subject that some bacteria
inverted sucrose in slightly alkaline solution, and others only
in acid solution. He showed further that invertase from some
of the species passed through a porcelain filter, while that of
others was retained. In the foregoing experiments sucrose
bouillon and sucrose glycerin bouillon, both containing about 5
per cent sucrose, were used for the purpose of studying the
extent to which inversion would take place in such a medium.
The medium used, as well as the condition of the experiment,
was approximately the same as those of Fermi in his work.
EXPERIMEINT XII.—GUM DEVELOPMENT IN BOUILLON.
Series A. Plain Bouillon.
Series B. Glycerin Bouillon.
Culture used
^1
bD
m
he
B
o
o
Xi Ph
xn
Bac. subtilis
Bac. megatherium.
Bac. mes. fuscus. .
Bac. mes. vulgatus.
Bac. liodermos. . . ,
Control
5.4
5.4
5.7
3.8
6.1
2.2
2.85
8.0
1.69
4.0
4.5
1.1
2.7
1.0
4.1
4.96
5.18
.33
2.02
0.58
5.3
0.16
0.18
1.22
Bac. subtilis
Bac. megatherium..
Bac. mes. fuscus . .
Bac. mes. vulgatus.
Bac liodermos
B.
I
Control
20
20
20
20
20
20
5.0
4.9
6.2
3.3
6.0
2.3
1.92
1.13
2.0
4.0
0.4
0.6
2.4
1.1
4.0
4.93
1.37
2.27
4.38
0.67
5.18
0.21
0.75
1.42
*Loc cit.
tGreen's Annals of Botany, Vol. VII, p. 120.
tVirchow's Archives, Vol. CXXV, p. 156.
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A glance at the results of the experiment shows that the
action upon sucrose under this condition might easily be mis-
taken for a typical inversion, as the loss in sucrose is accom-
panied by an increase in reducing sugars, which under ordinary
conditions would very likely be considered the result of inver-
sion; and particularly since the presence of the gum that had
been formed would hardly be suspected. It is probable, there-
fore, that certain of the examples of inversion given by Fermi
might really have been cases of gum fermentation. It will be
noticed that neither gum nor reducing sugars w^as produced in
the inoculation of Bacillus siihtilis or megatherium, although the
difference in the Clerget and single polarization in these cases
strongly indicates the destruction of sucrose in a similar way.
Bacillus suhtilis is mentioned by some authors as a species cap-
able of inverting sugar, and it was tried in this experiment in
order to determine whether its action upon sucrose was similar
to that of the organisms causing the gum fermentation of su-
crose. It seems that Bacillus megatherium may be classed as an
inverting bacteria, although a race of this organism that we
have discovered in sugars causes the gum fermentation of such
products.
PART IV.
PRACTICAL APPLICATIONS OF THE RESULTS, AND
CONCLUSIONS.
Having previously shown in this report the nature of the
bacterial deterioration of sugars, and having duly considered
the characteristics of the species inducing this action, it might
be of advantage to us to consider some practical aspects of the
question as suggested by our previous experiments. As the
deterioration of sugar is conclusively shown to be due to the
action of this bacteria, it would be of some significance to dis-
cover the avenues through which such products become con-
taminated with these species. The seriousness of this loss would
certainly warrant us in looking into the matter with the view
of determining just how we may reduce the contamination
through any possible modification of our present methods of
manufacture. With this idea in view, certain experiments were
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instituted by this department during the season of 1909. These
experiments were of the nature of a bacteriological control of
the station sugar plant throughout the entire milling season.
The purpose of the work was chiefly that of determining whether
the contamination of the raw juices in the sugar manufacture
resist the temperatures of the various processes during manu-
facture. It was first contemplated that the work would deter-
mine the different species peculiar to the different products of
the mill. This work was carried on throughout the entire season
during which time about ten ''runs" were tested. It was
desired to have the results as representative of average condi-
tions as was possible, and to this end every possible precaution
was made to eliminate errors incident to accidental contamina-
tion. Sterile flasks were used in collecting all of the samples,
AVERAGE OF RESULTS FROM BACTERIOLOGICAL CONTROL WORK
AT THE SUGAR HOUSE OF THE EXPERIMENT STA-
TION, SEASON 1909. NINE "RUNS."
Product
18
d o
-a
Raw Juice
Sulph. Juice
Limed Juice
Defecated Juice. .
Syrup
Massecuite ,
Sugars
Molasses
Wash Water. . . .
Filter Press Cake
280,000
35,000
37,500
750
400
450
600
35,000
25,000
1.500,000
Species
Yeasts, Molds, Bact. .
Yeasts, Molds, Bact. .
Bact. predominating".
Sugar Group Bact. E
Sugar Group Bact. E
Sugar Group Bact. E
Sugar Group Bact. E
Mixt. Contam
Mixt. Contam
Mixt. Contam
13
a
CD S
and the plating of the various samples promptly followed the
sampling so as to eliminate the error of development of bacteria
between the time of taking the sample and the subsequent
plating. The samples were plated out upon a sucrose agar, as
this medium had been shown by special experiments to be more
favorable to the development of the species than the ordinary
plain agar. The syrups and massecuites were collected with
great care and were usually taken just as they were made, and
the sugars were taken directly from the centrifugal, and all
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possible chances of contamination were eliminated. Generally-
considered, the work was carried out with the least possible
chance of error and the results, although showing in certain
cases variations that are not easily explained, yet we could not
expect absolutely consistent decreases in the organisms occurring
in the different products. "We may greatly reduce the number
of organisms in the product in a certain stage of its manufacture,
while subsequent exposures to the atmosphere might result in
such a contamination as would show a slight increase over the
previous product. The significance of the result, however, is not
so much in the variation of the number of organisms in the
various products, but it is that it is shown that in no stage of
the manufacture is the product entirely free from micro-
organisms.
BACTERIOLOGICAL ANALYSES OP SAMPLES FROM A SUGAR RE-
FINERY.
Name of Sample
Raw Sugar
,
Raw Washings
,
Washed Sugar
Melted Washed Sugar
Def. Wash. Sugar and liquor
Bag Filtered Wash. Sugar and liquor.
Light Sweet Water
Clear Filtered Liquor
Defecated Washings
Bag Filtered Washings
Dark Sweet Water
Char. Filt. Washings
. .
Mud Water
Press Cake
Press Water
Cone. Sweet Water
Granulated Magma
Granulated Syrup
Wet Granulated Sugar
Dry Granulated Sugar
Remelted Magma
Remelted Syrup
Undefecated liquor
Remelted Sugar
Car Sugar
Barrel Syrup
Car Syrup, two weeks in hot room.
1 :100
1 :1000
1 :100
1 :200
1 :1000
1 :1000
1 :000
1 :000
1 :2000
1 :400
1 :2000
1 :2000
1 :1000
1 :100
1 :1000
1 :50
1 :50
1 :50
1 :1000
1 :500
1 :500
1 :500
1 :100
1 :100
1,000
5,000
2,000
800
3,000
D 2W CO ft
1,000
6,000
5,000
8,000
8,000
400,000
No Development!
20,000
300
5,000
150
150
200
25,000
10,000
500
3.000
8,000
400
+
Moulds &
Bacteria
+
+
+
+
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From the foregoing table it will be observed that the sugars
as they are made are contaminated with the deteriorative type of
bacteria which begin their work of destroying sucrose immedi-
ately, provided that the conditions of moisture are favorable.
The resistance of the spores in these organisms which we have
found to withstand a temperature of 212° F. for two hours
renders it almost impossible to destroy them in the process of
sugar manufacture. We may greatly reduce the number of
them occurring in our products if we would practice cleanliness
in our mills to the degree that science has taught us to apply to
all of our food-manufacturing industries. Just as the keeping
quality of milk and other dairy products is largely dependent
upon the cleanliness of the conditions in which it is made,
so the keeping of sugar likewise depends upon the conditions sur-
rounding its manufacture. Referring to the table it will be
observed that the defecation of the juice removes about 98 per
cent of the organisms occurring in the undefecated product. It
is to this remaining 2 per cent and its elimination that our
attention should be directed. The use of antiseptic washes for
the mills and tanks of the sugar house is to be strongly recom-
mended. The drying of sugars is also to be recommended as a
means of preventing this deterioration. In our experiments
upon the influence of the acidity or alkalinity upon the gum
formation, we found this action to be accelerated by a slight
alkalinity of the media. In the sugar manufacturing industry
we find opinion current that the deterioration of sugars is due
to inversion by micro-organisms. This is no doubt one of the
reasons why the refineries will work as far as possible with
alkaline solutions. As our investigation has shown that the
deterioration of sugars is not due to inversion, but to a gum
fermentation which is favored by slightly alkaline solution, it
seems that modifications of this prevalent refining method might
be well worth considering. So far as the deterioration of micro-
organisms is concerned, there can be little doubt that the loss
through inversion from this source would be small compared
to that resulting from the action described in this report. In
some cases where persistent heating is practiced, the loss from
inversion in an acid solution might be greater than that caused
by micro-organisms in the same solution when alkaline. Lewton-
Brain and Norris claim that no deterioration can take place in
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a sugar containing less than one per cent of moisture. Our
general experiments have tended to confirm their results. An
experiment of a similar nature to those conducted in connection
with the operation of the sugar house has also been applied as
a bacteriological control of a sugar refinery. The table of results
of these experiments is also given on the following page. From
this table it will be observed, under the head of The Presence
of Species of Economic Importance, that such species were
observed throughout the entire refining process. The title of
this column applies generally to the species that cause the gum
formation from sugar. The table of results in this case repre-
sents only one set of products. It is on this account of little
value so far as the quantitative results are concerned. The
qualitative analysis is very significant, however, since it shows
that the gum-forming organisms occur in all of the various
stages of the process of sugar refining, just as we have pre-
viously observed to obtain in the case of the manufacture of
raw sugars.
SUMMARY OF CONCLUSIONS.
1. The deterioration of sugars is caused by a group of bacteria comprising
the well-known potato group of bacilli.
2. The destruction of sucrose induced by these organisms is by means of an
enzyme which we have termed Levanase. This enzyme is extracellular in
its action and breaks down sucrose as follows
:
Ci2Ho20ii=C6lIi20e+ C6lIioOg
3. The formation of levan in sugars introduces an error in both the single
polarization and Clerget methods of determination of sucrose. This error
causes a decrease in the single polarization of .6V for every 1 per cent of
levan, and an increase of .67V for Clerget in the presence of 1 per
cent of gum. Owing to this factor of error, a sugar in which gum for-
mation has taken place would show an increase in sucrose by the Clerget
method of determination.
4. The spores of the species causing deterioration of sugar are highly re-
sistant to heat and survive different processes of manufacture, thus form-
ing in part the contamination of the final products.
5. The gum formation of sucrose is favored by slightly alkaline reaction of
the medium.
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1. Bac. vulgatus A. 5 Bac. mes. fuscus.
2. Bac. vulgatus B.
3. Bac. vulgatus C.
4. Bac. vulgatus D. 8. Bac. liodermos.
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11. Bac. megatherium.
Bac. mes. fucsus granulatus. 13. Bac. mes. ruber.
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Plate II.
Plate I. Bac. vulgatus. (Plain Agar Plate.)
Plate II. Bac. vulgatus C. (Sucrose Agar Plate.)
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Plate VI.
Plate V. Bac. megatherium. (Plain Agar Plate.)
Plate VI. Bac. mes. muscus. (Sucrose Agar Plate.)
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Plate X,
Plate X. Bac. mes. fuscus B. (Sucrose Agar Plate.)
P. (95 IX. Bac. gummosus. (Plain Agar Plate.)


I


